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The  One  Hundred  and  Seventeenth  Ordinary  Creneral  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
January  18th,  1883— Lieut. -Col.  C.  E.  Webber,  R.E.,  C.B., 
President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 
The  following  Associate  was  announced  as  having  been  trans- 
ferred to  the  class  of  Members : — 

George  Annesley  Grindle. 

The  names  of  new  candidates  were  announced  and  suspended, 
and  the  Secretary  announced  that  donations  had  been  received 
for  the  Library  as  follows: — ^The  French  Government,  the  Italian 
Government,  Herr  Otto  Brandes,  Prof.  W.  J.  Bankine,  Mr.  J.  E. 
Salway,  and  Dr.  K.  E.  Zetzsche  (foreign  member). 

Sir  Charles  T.  Bright:  Mr.  President  and  gentlemen, — It 
is  a  melancholy  task  to  have  to  speak  of  the  death  of  a  Past- 
President  of  our  Society,  as  well  as  one  of  my  oldest  friends— 
I  mean  Mr.  Charles  V.  Walker,  wtose  name  is  known  to  most  of 
those  present.  He  left  us  at  the  close  of  the  past  year.  My 
recollection  of  Mr.  Walker  dates  back  from  so  long  a  time  ago  as 
1847.  His  was,  perhaps,  one  of  the  earliest  names  known  con- 
nected with  the  practical  application  of  electricity  to  telegraphy. 
He  was  not  so  well  known  as  he  ought  to  have  been,  on  accoimt 
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of  a  remarkable  modesty  of  eliaracter  ^hich  all  those  who  were 
acquainted  with  him  (and  all  those  who  were  acquainted  with 
hiTTi  loved  him)  knew  better  than  the  public,  who  were  not  aware 
of  his  great  qualifications.  Many  years  ago  Mr.  C.  V.  Walker 
was  one  of  the  founders  of  the  Electrical  Society,  and,  as  the 
hon.  secretary,  was  thereafter  one  of  its  leading  supports.  The 
journals  of  that  Society  (which  are  not  possessed  by  many),  edited 
by  him,  will  show  what  efforts  were  made  by  Mr.  Walker  and 
those  who  aided  him  (such  as  Mr.  Gassiot,  and  other  names  which 
at  so  short  a  notice  I  cannot  call  to  mind)  in  the  advancement  of 
the  science  which  this  Society  has  to  do  with,  and  which  indeed 
is  our  raiaon  d  ^itre.  Mr.  Walker  was  for  many  years  the  Telegraph 
Superintendent  of  the  South-Eastem  Railway,  which,  though  it 
was  his  chief  occupation  so  far  as  his  business  was  concerned,  by 
no  means  expresses  the  services  which  he  rendered  to  electricity, 
nor  did  it  even  interfere  with  his  constant  work  at  experimental 
development  of  the  branch  of  physics  which  he  loved.  He  was 
always  a  most  ardent  student  of  the  sciences.  In  the  early  days 
he  was  consulted  about  many  things  concerning  which  some 
present  may  perchance  know  very  little.  For  example,  when  the 
first  Atlantic  cable  was  laid  in  1858,  under  my  charge  as  engineer, 
it  unfortunately  failed  afterwards  in  the  electrical  department, 
through  lack  of  insulation,  because  at  that  time  so  little  compara- 
tive experience  and  progress  in  the  manufacture  had  been  made 
with  the  insulator.  Mr.  Walker  was  invited  by  the  Atlantic 
Telegraph  Company,  among  others,  to  report  on  the  matter, 
which  he  did,  and  I  have  a  copy  of  that  scarce  and  valuable 
document  in  my  possession,  for  his  suggestions  were  of  very  great 
utility.  Again,  and  to  make  a  long  story  short  (though  I  wish  our 
time  would  allow  me  to  dwell  longer  over  our  late  Mend's  life),  I 
met  Mr.  Walker  in  Ireland,  on  the  occasion  of  the  transference  of  the 
different  Telegraph  CJompanies'  lines  and  stations  to  the  Post  Office. 
Mr.  Walker  was  Commissioner  for  the  Govemment,  while  I  was 
engineer  to  the  Magnetic  Telegraph  Company,  and  we  had  much 
discussion,  but  I  am  happy  to  say  very  few,  if  any  differences,  in 
order  to  arrive  at  a  fisdr  valuation  of  the  lines  to  be  handed  over. 
Another  historical  fact  will  interest  any  of  those  present  who  are 
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ooQoemed  in  sea  telegraphy.  It  is  within  my  recollection  that 
Mr.  Walker,  on  behalf  of  the  South-Eastem  Bailway  Company, 
took  ont,  on  board  a  tug  steamer,  the  very  first  insulated  wire  to  be 
laid  under  the  sea  as  an  experiment  (which  was  about  two  miles 
in  length  from  Dover),  and  spoke  back  to  the  shore :  this  was,  I 
think,  in  1847,  while  the  first  really  workable  cable,  as  we  know, 
was  laid  in  1851.  I  am  quite  sure  that  we  shall  all  unite  in  the 
warmest,  and,  at  the  same  time,  most  sympathetic  feelings  in  a 
tribute  of  regret  at  the  recollection  of  the  death  of  one  of  the 
eariiest  and  oldest  members  of  our  Society,  and,  moreover,  a  Past- 
President  of  the  Society,  and  I  beg  to  move  a  vote  of  condolence 
and  sympathy  with  the  feuuily  of  Mr.  Walker,  conveying  the  very 
deep  regret  of  the  Society  at  the  loss  they  and  we  have  sustained 
in  his  death. 

Mr.  WiLLOUGHBT  Smtfh  :  I  shotdd  like  to  be  allowed  to  second 
the  proposition  of  Sir  Charles  Bright.  Having  known  Mr.  Walker 
ID  the  ordinary  course  of  business  for  thirty  years,  I  can  endorse 
all  that  Sir  Charles  has  said  on  the  subject. 

Mr.  James  Badcliffe,  as  one  of  the  oldest  telegraph 
engineers,  supported  the  motion.  He  had  been  connected  with 
telegraphy  for  very  many  years,  and  had  known  Mr.  Walker 
longer  than  he  cared  to  recollect,  and  on  behalf  of  the  Railway 
Telegraph  Superintendents,  whose  comrade  Mr.  Walker  was,  he 
begged  to  endorse  all  the  kind  remarks  which  had  been  made  of 
him. 

The  Pbesident  :  It  has  been  duly  proposed  and  seconded  that 
the  condolences  of  the  Society  be  offered  to  the  family  of  Mr.  C. 
V,  Walker,  F  JLS.,  lately  President  of  this  Society,  and  also  that 
a  letter  conveying  the  expression  of  the  approval  of  this  meeting 
be  written  to  them  by  our  Secretary,  as  well  as  an  intimation  that 
the  BaUway  Telegraph  Superintendents  wish  especially  to  accord 
their  sympathy  and  condolence. 

The  motion  was  appropriately  carried. 

The  President  :  Gentlemen, — It  now  becomes  my  duty,  with 
great  regret,  to  resign  the  seat  in  which  you  did  me  the  honour 
to  place  me  last  year,  as  your  President.  I  can  only  tell  you  that 
it  is  a  seat  in  which  one  is  to  a  certain  extent,  on  certain  days 
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and  ceitaiii  evenings,  very  bnsily  occupied.  But  that  occupation 
is  of  the  most  enjoyable  character,  because  one  is  associated  with, 
and  aided  by,  a  Council,  to  which  there  is  hardly  (particularly  as 
regards  the  matter  of  attendance)  a  second  in  this  great  city. 

But  my  regret  is  entirely  swept  away  when  I  know  that  I  am 
to  be  succeeded  in  this  chair  by  one  who  has  been  known  to 
electricians  in  this  coimtry  a  far  longer  period  than  I  have  been, 
and  in  introducing  him  to  you  I  feel  that  I  am  only  presenting  to 
you  an  old  friend. 

The  President-elect,  Mr.  Willoughby  Smith,  then  assimied 
the  chair. 

Mr.  H.  C.  FoRDE:  Mr.  President, — I  have  been  asked  this 
evening,  and  it  is  a  great  pleasure  to  me  to  comply,  to  propose  a 
vote  of  thanks  to  Lieut.-Col^  Webber  for  his  conduct  as  President 
during  the  past  year.  I  am  quite  sure  that  every  member  of 
this  Society  who  has  been  present  at  the  meetings  during  the 
past  year  will  cordially  join  in  this  vote.  As  a  junior  member  of 
the  Council,  I  know  well  how  he  has  performed  his  duties  in  the 
council  chamber ;  and  we  all  know  that  he  has  also  had  in  the 
meantime  to  perform  very  important  military  duties  abroad ;  but 
those  military  duties  certainly  have  not  interfered  in  any  way 
with  his  duties  as  President  of  this  Society,  and  I  do  not  think 
we  could  have  made  a  better  selection  than  we  did  last  year. 
I  therefore  ask  you,  gentlemen,  to  pass  the  vote  proposed,  with 
acclamation. 

Mr.  C.  E.  Spaonoletti  :  I  have  very  great  pleasure  indeed  in 
seconding  the  proposed  vote  of  thanks  to  Lieut.-Col.  Webber  on 
his  retirement  from  the  presidential  chair.  I  have  had  the 
pleasiu'e  of  working  with  CoL  Webber  for  a  considerable  time,  not 
only  in  the  Council  of  this  Society,  but  in  duties  connected 
with  the  Society  at  home  and  abroad,  and  I  can  bear  strongest 
testimony  in  every  way  to  the  correctness  of  the  remarks  Mr. 
Forde  has  just  made.  Col.  Webber  does  his  work  in  a  most 
energetic  manner ;  and  when  one  remembers  the  military  duties 
he  has  had  to  attend  to  concurrently  with  those  connected  with 
the  Society,  one  is  surprised  at  the  complete  manner  in  which-he 
has  carried  them  out.    He  is  most  indefatigable  at  his  work,  and 
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evidently  he  loves  it,  for  he  does  it  with  such  heart  and  spirit,  and 
sets  an  example  to  us  all  in  looking  after  the  interests  of  the 
Society,  of  which  he  was  one  of  the  founders,  and  which  I  am  sure 
all  his  successors  will  do  well  to  follow. 

The  vote  was  carried  with  acclamation. 

Lieut.-Col.  G.  E.  Webber,  R.E.,  C.B. :  Mr.  Chairman  and 
gentlemen, — ^At  such  a  moment,  when  we  are  all  expecting  the 
address  our  President  is  about  to  give  us,  brevity  is  my  motto. 
If  I  am  energetic,  if  I  love  hard  work,  I  can  only  say  I  hope  that 
through  all  my  life  some  of  my  energy  and  hard  work  will  be  at 
the  service  of  this  Society,  in  which  I  always  take  and  have  taken 
the  deepest  interest,  and  for  which  I  think  every  one  will  say  I 
am  justified  in  foreseeing  a  great  future. 

The  President  then  read  the  following  inaugural  address : — 

INAUGURAL  ADDRESS. 
By  WiLLOUGHBY  Sbmth,  President. 

Gentlemen, — My  first  duty  this  evening  is  to  thank  you  for 
the  honour  you  have  conferred  upon  me  in  electing  me  your 
President  for  the  ensuing  year.  Knowing  as  I  do  the  illustrious 
men  who  have  preceded  me  as  Presidents  of  this  Society,  I  should 
not  have  presumed  to  accept  so  exalted  a  position  had  I  not  felt 
confidence  in  your  kind  indulgence,  and  in  the  assurance  that  the 
Council  would  extend  to  me  that  kind  assistance  which  they  have 
ever  been  ready  to  render  to  my  predecessors. 

This  is  but  a  young  Society,  and  necessarily  so,  for  the  branch 
of  science  in  which  we  have  enrolled  ourselves  as  members  is  a 
very  young  shoot  in  comparison  with  many  of  the  other  branches 
of  the  same  tree.  Telegraph  engineers  and  electricians  have  no 
great  masters  of  antiquity  to  imitate  or  revere;  most  of  their 
great  men  are  of  the  present  age.  Since  the  formation  of  this 
Society,  eleven  presidential  addresses  have  been  given  by  such 
men,  who  have  so  thoroughly  covered  all  the  ground,  and  I  might 
add  the  bottom  of  the  sea  also,  that  I  feel  a  great  difficulty  in 
delivering  to  you  the  usual  inaugural  address,  which  is  always 
looked  forward  to  with  so  much  interest  by  the  members  of  this 
md  kindred  societies ;  for  rapid  as  has  been,  and  still  is,  the  adap- 
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tation  of  electrical  science  to  every-day  life,  were  I  to  confine  my 
remarks  solely  to  the  new  matter  which  has  been  introduced  since 
you  heard  the  able  address  of  the  gentleman  who  has  just  vacated 
the  position  I  now  occupy,  I  em  sure  it  would  be  as  disappointing 
to  you  as  it  would  be  unsatisfiujtory  to  me.  Still  it  is  not  my 
intention  to  ask  you  to  accompany  me  to  speculative  heights  or 
theoretical  depths,  but  rather  to  walk  leisurely  along  the  well- 
known  high-road,  thereby  contenting  ourselves  within  the  limits 
of  real  knowledge,  rather  choosing  to  confess  our  ignorance  than 
to  give  to  mere  opinions  the  authority  of  fieusts,  and  by  so  doing  I 
think  sufficient  fiiiit  may  still  be  gleaned  to  produce  a  supply  of 
entertainment,  if  not  of  instruction. 

Each  branch  of  natural  philosophy  has  progressed  in  proportion 
to  the  advancement  made  from  time  to  time  in  the  accuracy  of  the 
instruments  and  appliances  required  for  observations  or  measure- 
ments :  no  branch  has  benefited  more  in  that  respect  than  that 
in  which  we  are  individually  and  collectively  so  immediately 
interested.  It  is  probably  within  the  memory  of  the  youngest 
member  of  this  Society  that  electricians  found  it  difficult  to  cor- 
rectly convey  their  meaning  for  want  of  a  recognised  system  of 
units.  How  long  we  should  have  remained  in  such  an  unsatisfac- 
tory state  it  is  difficult  to  say,  had  not  the  British  Association  for 
the  Advancement  of  Science,  in  1860,  appointed  a  committee  to 
determine  the  best  unit  of  electrical  resistance.  It  was  fortunate 
that  this  committee  was  constituted  of  eminent  men  who  cotdd 
so  thoroughly  realise  the  importance  of  the  work  entrusted  to 
them,  and  who,  after  eight  years  of  careful  labour,  produced,  not 
only  a  practical  unit  of  electrical  resistance,  but  a  coherent  system 
of  electrical  measurements.  It  was,  however,  foreshadowed  at  the 
time  that  a  ftiture  might  arrive  when,  owing  to  the  progress  of 
the  exactness  of  physical  measurements  and  the  effects  of  time, 
new  determinations  might  become  necessary.  There  can  be  no 
doubt  that  the  time  has  long  since  arrived,  and  that  the  whole 
subject  requires  a  careful  re-investigation.  At  the  present  time 
we  are  fast  returning  to  the  position  we  had  before  the  formation 
of  the  committee  referred  to.  It  has  been  fpr  some  time,  and  still 
is.  Dossible  to  purchase  for  commercial  purposes  copper  of  a  higher 
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specific  oondactivity  than  that  of  the  recognised  standard  for  pure 
copper. 

It  is  not  necessary  to  dwell  upon  the  advantages  that 
would  aocme  from  the  adoption  of  a  uniform  and  complete 
sjstem  of  electrical  units  for  all  the  civilised  parts  of  the  world, 
for  it  is  granted  on  all  sides  that  such  xmiformity  would  be 
desirable,  and  therefore  it  was  but  natural  that  the  proceedings 
of  the  committee  appointed  at  the  Electrical  Congress  held  in 
Paris  in  September,  1881,  to  consider  the  whole  matter,  and  to 
definitely  settle  an  international  and  permanent  system,  should 
have  been  watched  with  so  much  interest.  The  time,  however,  at 
the  disposal  of  the  committee  was  limited,  and  taking  into  con- 
sideration the  place  in  which  the  meetings  were  held,  and  the 
various  other  attractions  of  the  Exhibition,  it  is  not  surprising 
that  but  little  progress  was  made  on  the  subject  beyond  a  few 
simple  resolutions  which  were  promptly  and  unanimously  adopted. 
The  third  of  those  resolutions  was  that  ^^  the  unit  resistance  (ohm) 
be  represented  by  a  column  of  mercury  having  a  square  millimetre 
of  section  at  the  temperature  of  zero  degree  centigrade."  Before 
the  appointment  of  the  committee  by  the  British  Association  in 
1860,  this  unit  was  known  as  Siemens'  mercury  unit,  and  was  fast 
being  recognised,  but  the  committee  rejected  it  on  the  ground  that 
it  was  arbitrary,  varying,  of  no  practical  advantage,  and  formed 
part  of  no  coherent  system  of  general  electrical  measurements. 
Allowing  the  weber  to  be  rechristened  ampire  was  no  doubt  due  to 
a  spirit  of  conciliation  which  could  do  no  harm ;  but  if  this  sudden 
change  of  the  character  of  the  unit  were  done  in  the  same  spirit, 
it  might  lead  to  inconvenience  hereafter.  lb  the  practical 
electrician  the  material  standard,  not  the  definition,  is  the 
important  point;  consequently  the  next  proposition,  "That  an 
international  commission  be  entrusted  with  the  ascertaining,  by  a 
new  set  of  experiments,  for  practical  purposes,  the  length  of 
colmnn  of  mercury,  having  a  section  of  one  square  millimHre  at 
the  temperature  zero  degree  centigrade,  which  shall  represent  the 
^ue  of  the  ohm,"  was  of  more  interest.  The  members  of  that 
commission  met  in  Paris  early  in  November  last,  and,  after  passing  • 
several  resolutions,  adjourned  for  twelve  months.  The  adjournment 
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IB,  I  preeome,  to  allow  time  for  desired  ezperiments,  so  tbat  when 
the  members  reassemble  they  will  be  prepared  to  publish  their 
report,  which  it  is  to  be  hoped  will  embrace  the  whole  question  of 
miits,  and  fix  them  on  a  sound  and  lasting  basis.  In  order  to 
better  illustrate  the  necessity  of  fresh  measurements,  I  will  direct 
your  attention  to  the  sheet  before  yoa  marked  No.  1. 


SimplMot 
Coppit. 

iMTMt. 

^r^ 

fadTMt. 

A 

B 
0 

D 

E 

101-4 
44-7 
»7 

101-3 
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44-8T 
09-63 

10O3 
18-«3 

101-02 
Util 

ge-64 

101-14 

The  figures  show  the  qiecific  conductivity  of  five  samples  of 

copper  wire,  assuming  that  of  pore  copper  to  equal  100,  as  given 

by  Dr.  Mathieasen,  viz.,  1 00  inches  of  annealed  pure  copper  weighing 

100  grains,  having  a  resistance  of  0'1516  ohms  at  60°  Fahr.     The 

tests  were  made  by  three  persona,  each  one  making  his  tests  quite 

independently,  and  by  means  of  his  own  apparatus  and  method. 

The  results  show  that,  with  good  apparatus  and  careful  msnipula- 

tioD,  very  accurate  and  reliable  tests  can  be  made.  They  also  show 

what  great  difTerenees  there  are  in  the  specific  conductivity  of 

ordinary  commercial  copper,  and  confirm  what  I  have  already 

mentioned,  that   some   commercial  copper  has  a  higher  speciSc 

conductivity  than  the  long  recognised  standard  for  pure  copper. 

Late  in  the  year  1837,  Professor  Faraday  proved  by  actual 

b  that  different   kinds  of  matter  possessed  different 

opacities,  and  wrote  of  "  the  specific  inductive  capacity 

ic  bodies."    We  of  to-day  use  the  same  language,  but 

.  knowledge  of  the  subject  is  very  limited,  and  I  believe 

ivestigation  of  the  whole  matter  at  the  present  time 

Qost  valuable.    It  is  customary  to  consider  the  specific 
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inductive  capacity  of  air  =  1,  and  to  compare  the  relative 
capacities  of  other  substances  with  it.  Thus  it  is  often 
stated 

Air  =  1-0. 

India-rubber  =  2*8. 

Gutta  percha  =  4*2. 

Now  in  1870  I  showed  that  in  specially-prepared  gutta  percha 
its  specific  inductive  capacity  was  reduced  nearly  equal  to,  if  not 
below  that  of  india-rubber,  and  from  that  date  the  inductive 
capacity  of  the  gutta  percha  used  for  submarine  telegraphy  has 
been  considerably  reduced.  When  two  metals  are  combined  to 
form  an  alloy,  the  resistance  of  the  alloy  is  in  most  cases  greater 
than  that  calculated  from  the  resistance  of  the  component  metals 
and  their  proportions.  I  have  reason  to  believe  that  compounded 
dielectrics  follow  the  same  law,  not  only  in  their  resistance,  but 
also  in  their  electrostatic  inductive  capacity.  Therefore  here  is  a 
subject  which  might  also  be  investigated  with  advantage.  In 
addition  to  the  electrical  resistance  and  electrostatic  capacity  of 
dielectrics,  there  is  the  phenomenon  termed  electrification,  absorp- 
tion, Qir  polarisation.  These  are  synonymous  terms,  as  they  all 
express  the  same  thing.  I  am  sure  it  would  be  of  great  advantage 
if  we  could  agree  to  adopt  only  one  of  these  terms, — polarisation, 
for  instance, — as  by  so  doing  it  would  prevent  confusion,  and  make 
onr  meaning  less  bewildering  to  our  students  and  other  persons. 
All  dielectrics  polarise,  but  in  different  degrees ;  in  fact,  polari- 
sation varies,  not  only  in  different  materials,  but  in  different 
quaUties  of  the  same  material,  and  also  according  to  its  condition. 
For  instance,  age  and  temperature  affect  polarisation  very  ma- 
terially, therefore  the  formulae  and  tables  of  coefficients  given  in 
text-books  and  elsewhere  for  polarisation  are  not  only  unreliable 
in  certain  ca^es,  but  misleading  when  applied  to  certain  dielectrics 
employed  in  the  construction  of  condensers,  or  as  the  insulating 
medium  in  submarine  or  subterranean  telegraphy.  The  resistance 
of  gutta  percha  increases  gradually  by  age.  Observations  extend- 
ing over  twelve  years  do  not  enable  me  to  assert  that  its  maximum 
resistance  has  been  reached  within  that  time. 
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The  figures  on  the  sheet  marked  No.  2  suspended  before  you  show 
the  increase  of  resistance  of  the  gutta  percha  surrounding  one  mile 
of  a  copper  conductor,  with  the  dates  when  tested.  Induction  also 
gradually  increases  in  a  similar  way,  as  shown.  No  doubt  both  these 
conditions  arise  from  the  contraction  of  the  gutta  percha  round  the 
wire,  for,  if  careful  measurements  were  made,  it  would  be  found 
that  the  diameter  decreases  in  proportion  to  the  increase  in  its 
inductive  capacity.  Had  more  frequent  tests  been  taken  than 
are  here  shown,  at  temperatures  varying  from  32®  to  100®  Fahr., 
it  would  still  have  been  found  that  each  series  would  differ  frt)m 
the  other  in  polarisation,  resistance,  and  induction,  and  that  the 
formula  applied  to  one  series  would  not  be  correct  for  any  one  of 
the  others.  To  obtain  accurate  measurements  in  experiments  of 
this  kind,  it  is  essential  that  a  constant  electro-motive  force  should 
be  employed,  but,  unfortunately,  I  know  of  no  means  by  which 
such  a  force  can  be  maintained ;  for  although  great  and  important 
improvements  have  been  and  still  are  being  made  in  batteries, 
there  has  not  yet,  to  my  knowledge,  been  produced  one  that 
combines  all  the  essential  elements  for  constancy. 

If  it  were  necessary,  numerous  instances  might  be  given  to 
show  how  slow  the  human  mind  is,  and  always  has  been,  to  com- 
prehend and  utilise  the  rich  and  wonderftd  gifts  which  nature  is 
constantly  casting  before  it.  Thales,  two  thousand  four  hundred 
years  ago,  is  said  to  have  discovered  what  we  now  term  the  electric 
^alities  of  amber,  but  it  was  not  until  the  17th  century  that  this 

Qomenon  began  to  attract  public  attention,  and,  under  the  keen 
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observations  of  the  philosophers  of  that  time,  to  rapidly  develop 
into  a  science.     To  the  alchemists  of  the  16th  century  belongs 
the  honour  of  having  first  noticed  the  change  which  took  place  in 
silver  chloride  by  exposure  to  light,  but  photography,  which  sprang 
firom  that  very  &ct,  is  but  of  very  recent  date.    It  is  now  nearly 
ten  years  (alas !  how  swift  is  time)  since  I  first  called  attention  to 
the  wonderful  effects  of  light,  and  especially  solar  light,  upon  the 
electrical  qualities  of  selenium ;  but  to  the  present  time  we  have 
not  been  able  to  realise  any  one  of  the  results  which  I  feel  sure 
will  ultimately  arise  from  it;  for  where  there  is  absorption  of 
Ught,  whether  of  dark  or  visible  rays,  by  any  body,  work  of  some 
dracription  must  have  been  performed  in  that  body.    Of  all  the 
endeavours  to  utilise  this  property  of  selenium,  that  resulting  in 
the  photophone  appeared  the  most  promising,  but,  knowing  what 
I  did  of  the  behaviour  of  selenium,  I  was  not  sanguine  of  its  appli- 
cation for  the  purpose  proposed ;  for  as  electricity  acts  by  what  we 
know  as  induction  on  a  dielectric,  so  does. light  act  on  selenium — 
that  is  to  say,  the  selenium  absorbs  it  slowly,  and  as  slowly  gives 
it  back.     My  meaning  will  perhaps  be  more  intelligible  by 
reference  to  the  plate  before  you  marked  No.  1.     A  bar  of 
selenium,  in  a  small  room  fi*om  which  all  light  was  excluded,  was 
connected  by  means  of  insulated  wires  to  a  battery  of  one  hundred 
cells  and  an  astatic  mirror  galvanometer  in  an  adjoining  room. 
The  vertical  figures  on  the  sheet  before  you  represent  the  ratios 
of  the  galvanometer  deflections  obtained.    While  the  light  was 
excluded,  the  deflection  remained  quite  steady  for  ten  minutes,  as 
shown  at  A,  but  on  exposing  the  bar  to  the  light  firom  an  ordinary 
wax  candle  placed  one  mHre  fi*om  the  bar,  the  deflection  imme- 
diately increased    firom    1    to    1*4,  and    then  continued   slowly 
increasing,  until  at  the  end  of  ten  minutes  it  reached  1*45,  as 
shown  at  B.    Immediately  the  light  was  extinguished  the  deflec- 
tion fell  to  1*2,  and  during  the  next  ten  minutes  gradually  fell  to 
1*09,  as  shown  at  C.    The  candle  was  then  replaced  by  a  Swan 
lamp  made  incandescent  by  the  current  fi-om  thirty  pint  Grove 
cells,  and  supposed  to  have  an  illuminating  power  of  twenty-five 
candles.    The  deflection  at  once  increased  to  1*51,  and  during  ten 
minutes  gradually  further  increased  to  1*66,  as  shown  at  D.     On 
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extinguishing  the  light  the  deflection  immediately  fell  to  1*27, 
and  during  the  ten  minutes  fell  to  1*12,  as  shown  at  E.  Dull  solar 
light  was  then  admitted  through  an  ordinary  window,  and  the 
deflection  at  once  rose  to  2*13,  and  during  the  ten  minutes  further 
increased,  but  not  so  uniformly  as  when  under  the  influence  of 
the  previous  source  of  light,  to  a  maximum  of  2*21,  as  shown  at 
F.  The  variations  in  the  deflections  noticed  in  this  case  were  due 
to  atmospheric  changes  producing  a  varying  intensity  of  light. 
On  again  excluding  the  light,  the  deflection  immediately  fell  to 
1*43,  and  during  the  next  ten  minutes  further  fell  to  1*26,  as 
shown  at  Cr.  It  is  evident  that  it  would  have  taken  a  much 
longer  time  to  &11  to  its  normal  condition  of  1.  The  hct  of 
having  to  combine  other  metals  with  selenium  to  obtain  a  low 
resistance,  which  was  stated  to  be  essential  to  the  photophone,  was 
also  contrary  to  my  experience  of  its  behaviour  under  the  influence 
of  light,  but  gentlemen  eminent  in  electrical  science,  having 
assured  me  that  they  had  not  only  seen,  but  had  heard  the  photo- 
phone,  made  me  doubt  the  correctness  of  the  results  of  my  own 
experiments.  Time  has,  however,  proved  that  the  results  then 
being  obtained  were  not  due  to  the  action  of  light  on  selenium, 
but  to  the  then  unknown  fact  that  thin  discs  or  diaphragms  of 
various  materials  become  sonorous  when  exposed  to  the  action  of 
an  intermittent  beam  of  light — ^a  discovery  that  has  opened  a 
new  field  for  philosophical  enquiry;  and  further  experiments  have, 
I  believe,  shown  that  the  eflFects  produced  are  not  due  to  light,  but 
to  radiant  heat.  Whether  that  is  really  the  true  cause  of  so 
wonderful  a  phenomenon  is  not  the  direct  province  of  the  tele- 
graph engineer  or  electrician  to  solve,  therefore  I  will  not  say 
more  on  the  subject. 

Soon  after  the  earth  was  used  as  part  of  the  circuit  for  tele- 
graphic purposes,  it  was  observed  that  electric  currents,  very 
capricious  in  intensity,  direction,  and  duration,  were  constantly 
flowing  along  the  insulated  wire  of  each  circuit,  the  interference 
of  such  currents  frequently  causing  great  trouble  and  annoyance. 
These  currents  were  called  "  earth  currents,"  but  our  knowledge 
concerning  them  is  at  the  present  time  very  unsatisfieustory.  To 
obtain  our  present  knowledge  of  terrestrial  magnetism,  observa- 
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tones  had  to  be  egtablished  in  all  the  most  important  parts  of  the 
world,  to  record  every  movement  or  manifestation,  regular  or 
irregolar,  of  that  phenomenon.  Might  not  onr  knowledge  be 
considerably  increased,  also,  if  a  similar  system  could  be  applied  to 
the  investigation  of  ^'  earth  currents  "  by  the  aid  of  the  telegraph 
wires  which  at  the  present  time  extend  north,  south,  east,  and 
west  over  the  world,  thus  bringing  to  a  focus  a  nimiber  of 
observations  which  taken  singly  are  of  no  value,  but  when  collected 
and  examined  by  competent  men  cannot  &il  to  produce  beneficial 
results  ?  I  feel  sure  that,  if  the  imi)ortance  of  the  results  which 
would  be  likely  to  accrue  from  such  an  investigation  were  clearly 
put  before  the  several  representatives  of  our  telegraphic  system, 
such  an  investigation  might  be  easily  organised.  Electricians 
have  done  much  to  obviate  the  inconvenience  caused  by  earth 
currents  to  the  practical  use  of  telegraph  wires,  consequently 
Telegraph  C!ompanies  do  not  interest  themselves  in  the  matter  to 
the  same  extent  they  no  doubt  would  otherwise  have  had  to  do. 
But  we  are  desirous  of  obtaining  knowledge  on  the  subject,  with 
the  higher  motive  in  view  of  making  sure  that  we  correctly  link 
in  one  chain  the  aurora  borealis,  magnetic  storms,  terrestrial 
magnetism,  and  earth  currents.  If  we  could  with  certainty  so 
link  them,  how  easy  it  might  become  to  link  other  mysteries  of 
nature  in  the  same  chain. 

Notwithstanding  the  great  amount  of  labour  and  thought  that 
has  been  bestowed  at  various  times,  even  by  some  of  the  most 
eminent  men,  in  investigating  the  properties  of  the  magnet  and 
the  various  denominations  of  magnetism,  I  believe  there  is  still 
much  to  be  learned,  and  never  was  there  a  time  equal  to  the 
present  when  it  was  so  important  to  possess  a  perfect  knowledge 
of  the  subject.  It  is  worthy  of  note  that,  although  Faraday 
obtained  the  first  spark  by  induction  from  what  he  termed  a  com- 
mon magnet  capable  of  sustaining  a  weight  of  one  hundred  pounds, 
he  on  the  following  day  obtained  better  results  from  a  loadstone 
capable  of  sustaining  a  weight  of  only  thirty  pounds.  It  is 
generally  known  that  the  power  of  a  magnet  is  always  increased 
by  the  reaction  of  another  body  in  which  it  induces  magnetism, 
and  it  is  the  same  in  a  jnarked  degree  with  the  loadstone.    If 
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a  piece  of  soft  iron  be  applied  to  di£ferent  parts  of  a  small 
stone  which  I  have  in  my  possession,  then,  as  a  role,  where 
any  considerable  attraction  takes  place,  but  little  free  magnetism 
is  shown  by  the  iron,  but  if  no  attraction  exist,  then  free 
magnetism  is  manifested  at  the  end  of  it.  How  great  an 
advancement  it  was  to  science  when  the  discovery  was  made 
that  this  wonderful  power  possessed  by  the  loadstone,  of  the 
origin  of  which  we  are  still  ignorant,  not  only  attracted  iron  to  it, 
but  that  this  power  could  be  accumulated  and  stored  in  different 
qualities  of  iron.  If  electricity  be  communicated  fi*om  one  source 
to  another,  it  leaves  the  one  and  gives  it  to  the  other ;  but  not  so 
with  magnetism,  for,  however  much  is  taken  from  one  source,  no 
reduction  in  its  power  is  perceptible.  What  a  marvellous  system 
of  storage  and  what  a  wonderful  power  it  possesses,  when  we  reflect 
that  the  commerce  of  the  world  depends  almost  entirely  on  a  few 
grains  of  steel  filled  with  this  power  that  we  call  magnetism ;  and 
yet  still  more  wonderiul  is  the  fact  that  such  a  magnet  can  be 
divided  into  innumerable  pieces,  and  each  piece  will  be  in  itself  a 
perfect  magnet.  What  strong  contrasts  and  yet  beautiful 
analogies  there  are  between  magnetism  and  electricity !  It  was 
these  analogies  which  led  philosophers  to  seek  for  proof  which 
they  believed  would  identify  the  two  powers  as  one :  they  had 
from  the  earliest  times  of  which  we  have  historical  record  devoted 
much  time  to  the  subject,  but  it  was  reserved  for  Professor  Oersted 
to  prove  in  1819,  by  actual  experiment,  the  identity  of  the  two 
forces.  Then  the  whole  thing  appeared  so  clear  and  simple  that 
the  wonder  was  the  discovery  had  not  been  made  long  before. 
Oersted's  discovery  consisted  in  the  fact  that  a  conductor  of  elec- 
tricity possessed  all  the  properties  of  a  magnet  while  a  current  of 
electricity  was  passing  through  it,  consequently  thjB  real  relation 
between  electricity  and  the  magnet  is  in  the  current  form  of 
electricity.  In  fad^  it  U  the  stream  of  electricity  itself  which 
possesses  the  magrvetic  propertiesj  irrespective  of  the  substance 
through  which  it  passes.  Of  course  I  need  not  stop  to  i)oint  out 
to  the  members  of  this  Society  the  important  stride  this  discovery 
was  in  the  advancement  of  electrical  knowledge.  Its  effects  were 
soon  applied  by  others  in  a  variety  of  ways.    In  1825,  Mr. 
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Sturgeon  showed  the  great  advantage  to  be  gained  by  using  soft 
iron  instead  of  steel  as  a  core  in  what  were  termed  electro-magnets, 
and  immediately  on  that  announcement  electro-magnets  were 
constructed,  the  sr^^taining  power  of  which,  in  comparison  with 
their  weight,  &r  surpassed  anything  that  had  been  previously 
obtained. 

At  the  present  time  the  minds  of  practical  electricians 
are  more  or  less  occupied  in  endeavouring  to  produce  strong 
magnetic  fields  for  developing  high  electrical  currents  for 
illuminating  purposes.  In  the  construction  of  machines  for  such 
purposes,  no  doubt  it  is  desirable  to  employ  copper  wire  of  the 
highest  conductivity,  but  it  is  not  so  certain  as  to  the  quality 
of  the  iron  best  suited  to  the  purpose.  It  has  been  asserted 
on  good  authority  that  the  worst  iron  produces  the  best  results, 
and  I  venture  to  think  that  we  have  not  yet  arrived  at  the 
best  way  of  placing  the  wire  to  obtain  the  maximum  strength 
of  secondary  currents  from  electro-magnets.  The  results  of  an 
experiment  made  to  ascertain  the  relative  strength  or  .capability 
of  producing  inductive  efiects  at  different  parts  of  a  straight 
electro-magnet  is  shown  on  the  sheet  before  you  marked  No.  2, 
in  which  C  C,  Fig.  1,  represents  the  iron  core;  P  P,  the  primary 
coil,  connected  at  pleasure  to  one  Grove  cell,  B,  by  means  of  the 
key,  K ;  a  small  secondary  coil,  S,  free  to  move  along  the  primary 
coil  while  in  circuit  with  the  galvanometer,  Gr.  The  relative 
strength  of  any  particular  spot  could  be  thus  obtained  by  moving 
the  coil,  S,  exactly  over  the  required  position,  and  then  noting 
the  deflection  obtained  on  G  when  the  primary  circuit  was  closed 
by  depressing  the  key,  K.  In  Fig.  2,  the  figures  in  black  repre- 
sent the  deflections  obtained  when  the  soft  iron  core  was  used, 
and  the  red  figures,  those  obtained  when  a  wooden  core  was 
substituted  for  the  iron.  I  have  lately  shown,  by  published 
experiments  with  a  flat  spiral,  that  it  is  necessary  to  place  the 
second  coil,  which  is  to  be  the  receiver  of  inductive  effects,  in 
such  a  position  that  the  lines  of  force  cut  it  at  right  angles,  in 
order  that  the  greatest  effect  may  be  produced.  The  effect 
diminishes  as  the  lines  of  force  cut  it  more  obliquely.  An  exactly 
similar  result  occurs  in  this  experiment,  for,  as  shown  in  Fig.  3, 
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the  small  secondary  coil  is  only  cut  at  right  angles  when  it  is 
placed  in  the  centre  of  the  magnet,  and  as  it  is  moved  towards 
either  pole  so  the  lines  of  force  cut  it  more  and  more  obliquely. 
From  that  it  would  appear  that  the  results  obtained  are  not 
purely  dependent  upon  the  strength  of  that  portion  of  the  magnet 
over  which  the  secondary  coil  is  placed,  but  principally  upon  the 
angle  at  which  the  lines  of  force  cut  the  coil  when  so  placed.  It 
does  not  therefore  follow  that  the  centre  of  a  magnet  is  its 
strongest  part,  as  the  result  of  the  experiment  at  first  sight 
appears  to  represent  it  to  be. 

In  my  published  experiments,  just  referred  to,  on  what  I  termed 
specific  inductive  resistance,  the  instruments  employed  in  one  of  the 
experiments  were  arranged  as  shown  on  the  sheet  before  you 
marked  No.  3.  A  and  B  represent  two  flat  spirals  of  silk-covered 
copper  wire  fixed  a  suitable  distance  apart,  A  being  in  circuit  with 
the  battery  C  and  reverser  D,  whilst  spiral  B  is  in  circuit  with 
a  similar  reverser  C,  and  an  astatic  mirror  galvanometer  F. 
As  the  two  reversers  were  made  to  work  in  unison,  it  will  be 
readily  seen  that  the  currents  induced  in  spiral  B  by  A  would 
always  be  in  the  same  direction  in  the  galvanometer  circuit, 
and  accordingly  a  steady  deflection  was  obtained  proportional  to 
the  inductive  effect  received  by  B.  A  plate  of  the  metal  under 
examination  was  then  placed  midway  between  the  spirals  at  Cr, 
and  the  fall  of  the  galvanometer  deflection  noted,  this  fall  being 
due  to  the  interception  by  the  metal  of  the  inductive  lines  of 
force.  It  was  found  that  the  results  varied  in  a  remarkable  degree 
according  to  the  number  of  reversals  per  minute,  each  metal 
having  its  own  characteristic.  These  experiments  have  been 
continued,  and  the  re^ts  are  to  me  so  very  interesting  that  I 
have  ventured  to  place  some  of  them  before  you  this  evening. 
On  the  sheet  before  you,  marked  No.  4,  the  vertical  column  of 
figures  represents  percentage  of  inductive  radiant  energy'  inter- 
cepted, and  the  horizontal  row  of  figures  the  number  of  reversab 
per  minute.  The  various  lines  represent  the  results  obtained 
with  each  metal  examined,  and  it  will  be  seen  that  copper,  though 
unable  to  intercept  to  any  extent  the  inductive  lines  of  force  when 
a  slowly  intermittent  current  is  flowing  in  spiral  A,  sheet  3,  is  able 
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to  airest  ninety-eight  per  cent,  when  the  reversals  are  sufficiently 
ispicL  It  will  be  readily  seen  that  the  iron  behaves  in  a  different 
manner  to  the  other  metals,  and  that  in  a  greater  or  less  degree 
every  metal  has  its  own  characteristic.  The  metals  not  only 
intercept  the  rays  of  inductive  energy  by  means  of  absorption, 
but  bend  them  from  their  original  path,  and  the  amount  of  this 
refraction  varies,  as  might  be  expected,  with  each  metal,  and  also 
with  the  rapidity  of  the  reversals  in  the  inducing  spiral.  The 
refraction  was  measured  by  means  of  two  flat  spirals,  one  in  con- 
nection with  a  battery  and  reverser,  as  spiral  A,  sheet  3,  and  the 
other,  or  receiving  spiral,  in  circuit  with  the  reverser  and  galvano- 
meter, as  shown  at  B  in  the  same  sheet,  but  in  this  case  the 
receiving  spiral  was  placed  in  a  position  parallel  to  the  lines  of 
force,  and  consequently  was  unaffected  by  them,  until,  by  placing 
the  metal  under  examination  in  the  field,  refraction  took  place, 
and  the  lines  of  force,  being  then  no  longer  parallel  to  the  receiv- 
ing spiral,  induced  a  current  therein  proportional  to  the  refiraction 
produced.  Copper  has  the  greatest  refractive  i)ower,  and  iron, 
except  for  low  speeds  of  the  reverser,  the  least ;  and  also  in  the 
case  of  iron  the  refraction  remains  almost  unchanged  for  any 
speed,  so  that  here  again  we  have  a  marked  contrast  between  iron 
and  the  other  metals.  I  merely  mention  these  facts  in  passing, 
but  hope  at  some  fature  date  to  bring  them  more  prominently 
before  you. 

Although  many  eminent  men  of  science  had  long  noted  the 
analogy  between  lightning  and  electricity,  it  was  reserved  for 
Franklin  to  demonstrate  its  identity  by  a  bold  experiment  in 
which  he  proved  that  lightning  and  electricity  were  one,  and  con- 
sequently obedient  to  the  same  laws.  Franklin  at  once  conceived 
the  idea  of  protecting  buildings  and  other  high  structures  from 
the  effects  of  lightning,  by  simply  erecting  on  their  highest  parts 
a  pointed  conductor  the  other  end  of  which  should  be  well  buried 
in  moist  earth,  and  thus  the  electricity  of  the  atmosphere  would 
be  silently  and  harmlessly  dispersed.  Does  it  not  appear  strange 
that  so  sound  a  principle,  so  easy  in  application  and  so  universally 
beneficial  in  practice,  should,  after  all  that  has  been  written  and 
said  on  the  subject  for  the  last  one  hundred  and  thirty  years,  be 
VOL.  xn.  2 


18  IKAiraUBAL  ADPBESS.  [Jan 

still  so  imperfectly  understood  by  the  general  public  as  to  j| 
the  Council  of  the  Meteorological  Society  in  forming  a  comi| 
<'to  consider  the  possibility  of  formulating  the  existing  1; 
ledge  on  the  subject  of  the  protection  of  property  £rom  da| 
by  electricity,  and  the  advisability  of  preparing  and  issuii 
general  code  of  rules  for  the  erection  of  lightning  conductors  "1 
committee  was  formed  of  gentlemen  well  qualified  &r  such 
and  the  result  of  their  labours  was  published  in  the  early  pall 
last  year.    The  report  is  not  so  clear  on  several  points  as  coulj 
desired,  and  it  is  to  be  regretted  that  the  committee  thougb 
advisable  to  append  to  their  report  so  much  useless  matter,  wif 
had  they  sifted  and  only  formulated  that  which  was  importanl 
the  subject,  would  have  proved  more  intelligible  to  the  gei 
public,  for  whose  instruction  I  presume  it  was  intended.     % 
the  simple  requirements  for  an  efficient  conductor  are  not  a| 
ciently  understood  by  all  persons  who  style  themselves  eleetlj 
engineers,  impressed  itself  strongly  upon  my  mind  through  a  i 
cumstance  which  lately  occurred  within  my  own  experience* 
was  informed  that  an  "  electrical  engineer,"  who  had  been  of 
hauling  old,  or  erecting  new  conductors  to  shafts  in  the  imraedA 
neighbourhood,  had,  after  pointing  out  that  the  conductor  oi 
particular  shaft  had  not  the  points  sufficiently  high  above  t 
brick  work,  and  that  the  rod  not  being  insulated  from  the  chimQ 
was  of  but  little  if  any  use,  made  a  reasonable  offer  to  replace 
by  one  erected  on  the  most  scientific  principles.    On  discussii 
the  question  with  him,  I  found  that  the  only  reason  he  could  gi 
in  justification  of  the  correctness  of  his  criticism  was  that  " 
was  the  custom  to  so  erect  them  in  his  part  of  the  country 
As  the  conductor  in  question  had  been  doing  duty  for  thirt 
years,  I  thought  perhaps  it  would  be  at  least  prudent  to  have  . 
new  one  on  "  pure  scientific  principles,"  but  I  declined  to  have  i — 
insulated,  and  arranged  for  the  bottom  end  to  be  attached  to  i 
sheet  of  copper  immersed  in  a  canal  adjoining  the  premises.   Thi 
he  considered  quite  unnecessary,  "  for  a  wooden  tank  placed  at  thi 
base  of  the  stack  filled  with  water,  and  the  end  of  the  conductoi 
placed  in  it,  would  be  more  safe,  and  certainly  less  costly."     Th< 
work  was,  however,  done  as  I  desired,  and  as  far  as  I  know  is  doin{ 


.^ 


I91t  ISS4667S910 


i 


188S.]  INAUaUBAL  ABDKSSS.  19 

its  duty;  but  I  noticed  that  soon  after  its  erection  the  top 
assmned  a  horizontal  position  from  the  force  of  the  first  strong* 
wind.  Fortunately  for  us,  electrical  storms  are  not  so  frequent  or 
so  severe  in  this  as  in  other  countries,  and  that  no  doubt  is  the 
reason  for  the  great  indifference  to,  and  ignorance  of  the  subject* 
But  still  lightning  has  done  harm  in  town  and  country,  therefore 
our  object  should  be  to  provide  means  by  which  the  current  can 
be  carried  off  without  any  injury.  The  &ct  that  there  is  no  part 
of  a  Ughtning  conductor  when  charged  that  will  not  give  lateral 
sparks  to  other  conducting  bodies  in  its  immediate  vicinity  should 
not  be  lost  sight  of,  and,  that  being  so,  how  essential  it  is,  especially 
at  the  present  time  when  iron  performs  such  an  important  part 
in  buildings  in  the  form  of  girders  and  roofis,  that  the  whole 
should  be  connected  to  one  efBcient  conductor.  Should  electric 
lighting  make  that  progress  which  I  believe  it  will,  there  can  be 
DO  doubt  that  responsible  and  qualified  persons  will  have  to 
be  appointed  to  control  the  arrangement  of  at  least  out-door 
conductors,  and  then  perhaps  it  may  be  found  desirable  to  place 
the  erection  and  supervision  of  lightning  conductors  in  the  charge 
of  the  same  persons. 

Early  in  1825,  Faraday  began  to  unfold  a  most  important 
secret  of  nature,  which  marked  a  distinct  and  important  epoch  in 
the  history  of  electrical  science.  By  actual  experiments  he 
demonstrated  the  wonderfol  effects^of  the  various  denominations 
of  induction,  more  especially  of  that  which  he  designated  <^  mag- 
netio-electric-induction."  In  a  letter,  now  in  my  possession, 
written  by  him,  dated  November  25th,  1833,  he  states:  <^I 
first  obtained  the  spark  with  a  common  magnet  (i.e..  Dr. 
Knight's)  at  Woolwich,  February  8th,  1832,  and  the  next  day 
{ix^  on  the  9th)  frt>m  Mr.  Daniell's  loadstone."  Although  in  the 
effects  shown  by  Faraday  the  intensity  was  feeble  and  quantity 
small,  he  then  asserted  that,  as  the  effects  could  be  produced  by 
electro-magnets,  there  could  be  no  limit  to  exalting  the  force  he 
had  already  obtained,  and  that  he  was  sure  of  its  fiill  development 
hereafter.  In  &ct,  Faraday  then  produced  the  germ  which  is 
now  fast  developing  into  a  great  branch  of  knowledge  and  com- 
mercial enterprise,  especially  in  what  is  termed  electric  lighting. 
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Men,  finding  that  this  power  conld  be  produced,  and  observing 
that  it  could  be  transferred,  set  to  work  to  manufacture  machines 
which  should  evolve  strong  currents;  while  philosophers  at  home 
and  in  every  civilised  country  repeated  the  experiments,  and  vied 
with  each  other  in  adding  new  hcts  to  those  already  known. 
M.  Pizii  exhibited  in  Paris,  in  September,  1832,  a  magnetic 
machine-^that  is,  an  instrument  by  which  a  continuous  and  rapid 
succession  of  sparks  could  be  obtained.    In  the  following  year 
Mr.  Saxton  exhibited  at  the  Adelaide  Gallery,  London,  a  machine 
which  differed  from  that  of  Pixii's  in  that  in  his  machine  the 
coils  revolved  round  a  stationary  magnet,  while  in  M.  Pixii's  the 
magnet  revolved  and  the  coils  were  stationary.    Other  machines 
soon  followed,  on  the  same  principle  of  course,  but  varying  in  the 
situation  of  their  several  parts,  the  most  notable  among  which 
were  those  of  Mr.  Clarke,  Dr.  Ritchie,  and  Professor  Henry.    In 
those  early  machines  the  object  appears  to  have  been  to  obtain 
the  best  results  for  exhibiting  the  most  intense  spark  and  terrify- 
ing shock,  more  for  curiosity  as  a  scientific  toy  than  for  any 
practical  purpose.    Professor  Holmes,  in  1853,  constructed  the 
first  magneto  machine  powerfal  enough  for  lighthouse  illumina- 
tion.   It  consisted  of  thirty-six  compound  magnets,  which  rotated 
six  hundred  times  per  minute  in  iront  of  one  hundred  and  twenty 
helices,  so  connected  as  to  produce  direct  currents.    In  1857,  an 
experimental  trial  of  this  machine  was  made  by  the  Trinity  House 
at  Blackwall,  under  the  direction  and  to  the  great  delight  of 
Faraday,  who  reported,  that  in  his  opinion  Professor  Holmes  had 
practically  established  the  fitness  and  sufficiency  of  the  magneto- 
electric  light  for  lighthouse  purposes,  the  light  produced  being 
powerful  beyond  any  other  that  he  had  yet  seen  so  applied. 
Three  years  later,  referring  to  this  class  of  machine,  Faraday 
said:  <^For  the  last  six  months  the  South  Foreland  has  been 
shining  by  means  of  this  electric  light.      It  has  shone  into 
France,  and  has  been  seen  and  taken  notice  of  by  the  autho- 
rities there.      Never  once  during  six  months  has  it  fedled  in 
doing  its   duty."      Great  improvements   followed  in  machines 
for  developing  the    current,  but    utilising  it  for  illuminating 
purposes  made  little  progress,  owing  to  the  difficulty  in  pro- 
a  practical  form  of  lamp,  until   1878,  when,  by  the 
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introduction  of  the  Jablochkoff  lamp  or  candle,  there  shone  in 
Paris  a  blaze  of  electric  light  that  astonished  all  who  beheld 
it  It  was  thought  that  the  long-difficult  problem  was  at  length 
solyed,  and  men  returned  to  the  subject  with  renewed  energy ; 
and  the  satis&ctory  results  of  their  labours  were  shown  in  the 
electrical  exhibition  held  in  Paris  in  1881,  and  nearer  home  in 
the  following  year,  at  the  Crystal  Palace.  But  great  as  has  been 
the  advancement  in  the  improvement  of  both  machines  and 
lamps,  they  are  still  &r  fix>ln  what  could  be  desired.  The  best 
arrangement  will  be  that  in  which  the  minimum  quantity  of  coal 
energy  is  converted  into  the  maTJmnm  mechanical  energy,  and 
consequently  the  maximum  electric  energy.  By  increasing  the 
velocity  of  the  rotation  of  the  coil  or  coils,  the  electro-motive 
force  could  be  increased  to  an  extent  yet  unknown,  owing  to  the 
mechanical  difficulties  which  arise  if  a  given  velocity  be  exceeded. 
In  the  preparation  of  carbon  for  the  lamps,  whether  in  the  form 
of  filaments  for  the  incandescent  light  or  in  the  form  of  rods  for 
the  arc  light,  it  is  imi)ortant  that  it  should  be  as  pure  as  possible. 
For  incandescent  lights,  filaments  of  vegetable  fibre,  either 
natural,  as  bamboo-fibre,  or  in  a  manu&ctured  state,  as  parchment- 
paper,  thread,  or  paper,  are  carbonised  firee  firom  oxygen,  by  which 
means  the  oxygen  and  hydrogen  of  the  fibre  are  driven  off,  and  the 
carbon  remains,  which  is  infusible  and  unalterable  at  high  tem- 
peratures. But  firequently  the  inorganic  constituents  of  the  fibre, 
consisting  of  silica,  iron,  lime,  and  other  bases,  are  not  driven  off 
daring  the  preparation,  consequently  the  glass  becomes  dim, 
the  carbon  disintegrates,  and  after  use  for  a  short  time  breaks. 
In  the  arc  light  the  carbon  rods  are  consumed,  and  the  silicate 
and  other  constituents  of  the  ash  fose  and  accumulate  until  they 
drop,  causing,  in  combination  with  defective  regulation  of  the 
lamp,  what  is  known  as  the  flickering  or  jumping  of  the  light. 
Hie  method  which  will  best  obviate  these  objectionable  sources  of 
annoyance  will  certainly  be  the  approved  system.  The  numerous 
appliances  for  regulating  the  distance  of  the  carbons  for  the  arc 
Ught  display  great  ingenuity,  but  still  there  is  much  room  for 
improvement  in  that  direction,  and  we  should  not  forget  that  the 
means  of  developing  the  electric  current  are  considerably  in 
advance  of  those  for  utilising  it  in  the  present  forms  of  lamps. 
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The  conductivity  of  conductcn^  decreases  in  well-known  ratios 
with  an  increase  of  temperature,  consequently  it  is  essential  that 
conductors,  especially  those  used  for  electric  lighting,  should  be 
of  sufficient  capacity,  so  as  not  to  be  affected  by  the  current. 
If  the  current  passing  along  a  conductor  increases  the  tem- 
perature of  the  same,  it  is  plain  that  the  resistance  of  such  a 
conductor  is  too  great,  and  therefore  its  temperature  and 
resistance  will  continue  to  increase  until  very  prejudicial  effects 
are  reached.  Perhaps  the  results  of  actual  experiment  will  piake 
this  more  clear.  The  experiments  were  made  with  a  dynamo, 
the  resistance  of  the  armature  of  which  was  0*6  of  an  ohm,  and  ah 
arc  lamp,  the  resistance  of  which  was  0*38  of  an  ohm.  In  each 
case  the  circuit  was  metallic,  and  the  total  length  of  the  conductor 
fifty  yards,  insulated  to  a  thickness  of  *065  of  an  inch.  At  one 
part  of  the  circuit  the  conductor  leading  to  the  lamp  and  that 
leading  from  it  were  placed  so  as  to  touch  each  other,  the  conse- 
quence of  which  was  as  follows : — ^When  the  resistance  of  the  con- 
ductor was  •28  of  an  ohm  and  the  strength  of  the  current  27 
amperes,  the  dielectric  became  soft  and  allowed  the  conductor  to 
fcHrm  contact  in  twenty-five  minutes.  With  a  conductor  of  0*21 
dun  resistance  and  a  current  of  30  amperes,  the  same  results 
followed  after  forty  minutes ;  but  with  a  conductor  of  '07  ohm 
resistance  and  a  current  of  33  amperes,  no  heating  effects  were 
perceptible  during  the  two  hours  the  lamp  was  kept  burning. 
In  another  experiment  a  tube  containing  mercury  formed  part  of 
the  circuit,  frt>m  the  centre  of  which  projected  a  much  smaller 
tube,  so  that  if  the  mercury  expanded  it  would  ascend  into  this 
smaller  tube  and  form  contact  with  a  wire  suspended  from  the 
top,  and  thus  complete  a  local  circuit  which  was  so  arranged  as  to 
either  ring  a  bell  or  shunt  a  portion  of  the  main  current,  if  the 
temperature  exceeded  a  certain  limit.  The  results  obtained  by 
this  arrangement  were  as  follows : — 

Distance  between  rr;,^^  w.#^«^ 

Ampere..  ^«dme..n^.in  ^^3l^ 

■mail  tttlie  at  startug.  ^^  »»«h5- 

33-6  -125  of  an  inch.  15' 

32  -250        „  45' 

32  -375        „  140' 

QO  .^  At  tlM  end  Of  itx  hoiira  tli«  in«ftiir7 

^^  ^  99  had  not  expuided  Boffldently  to 

roach  tho  wlro,  oooMoaeiitljr  the 
hondldiiotrtDC 
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If  it  be  a  fact,  as  I  believe  it  to  be,  that  metal  conductors  charged 
with  electricity  fose  at  a  much  lower  temperature  than  that  required 
to  melt  them  when  not  so  charged,  how  important  it  is  that  all 
the  knowledge  possible  should  be  gained  on  the  subject,  especially 
by  all  interested  in  the  distribution  of  powerfol  currents.    That  the 
electric  light  is  to  be  the  light  of  the  not  distant  future,  no  person 
acquainted  with  the  subject  can  for  a  moment  doubt.    Of  course  it 
will  require  time  for  its  development,  but  I  must  admit  that  the 
progress  it  has  made  within  the  last  four  years  has  astonished  nre. 
A  great  demand  was  suddenly  made  on  a  totally  inadequate  supply 
of  praiictical  men,  and  it  was  appalling  to  see  how  inexperience 
rushed  in  where  experience  feared  to  tread.    The  only  wonder 
is  that  greater  mischief  has  not  been  done  to  retard  its  progress. 
ITie   desired  experience,  however,  is  being    hourly    and    daily 
obtained,  which  must  eventually  lead  to  perfect  success,  for,  in 
the  language  of  Faraday,  ^  such  is  the  beauty  of  the  manifestati(»is 
that  come  before  us  when  we  deal  with  the  great  laws  of  nature 
and  observe  phenomena  which  never  fail,  because  the  Creator 
governs  by  fixed  laws.   He  hais  permitted  us  to  examine  them  and 
admire  their  effects,  and  make  provisions  for  their  application  to 
purposes  useful  to  man."    In  measuring  the  illuminating  power 
of  light,  it  is  customary  to  adc^t  the  simple  method  suggested  by 
Count  Rumford,  which  consists  in  arranging  the  two  lights  to  be 
compared,  so  that  each  casts  a  shadow  of  some  object  on  a  white 
surface,  and  the  eye  has  to  judge  as  to  the  relative  density  of 
these   shadows.      The  brightest  light,  which  casts  the  deepest 
shadow,  has  then  to  be  removed  farther  fi*om,  or  the  weaker  one 
brought  nearer  to  the  screen,  until  the  two  shadows  are  pro- 
nmmced  equal  in  density,  and  the  distance  of  the  two  lights  from 
the  screen  being  measured,  the  relative  intensity  of  the  lights  is 
supposed  to  be  as  the  square  of  the  distances.    But  I  found,  when 
oomparing  a  standard  candle  with  an  incandescent  electric  light, 
tiwt  the  re^ts  differed  in  {proportion  to  the  distance  the  standard 
Ugfat  was  placed  from  the  screen,  and  also  that  the  variable  state  of 
the  atmosphere  influenced  the  results.    Again,  the  eye  is  not  more 
to  be  depended  upon  for  an  estimate  of  light  than  the  hand  is  for' 
the  wei§^  of  an  object,  particularly  when  any  difference  of  colour 
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may  tend  to  perplex  the  judgment.  I,  therefore,  am  not  surprised 
at  the  diversity  of  opinions  often  expressed  as  to  the  relative  values 
of  different  lights.  An  accurate  photometer,  or  measurer  of  light, 
form^  on  other  principles  than  that  of  the  judgment  of  the  eye 
would  be  a  great  desideratum  at  the  present  time. 

Early  in  the  days  of  voltaic  electricity,  many  minds  were 
occupied  with  endeavouring  to  discover  the  best  mode  of  develop- 
ing the  same.  Professor  Sitter  constructed  a  pile  of  discs  of 
copper  and  moistened  card,  placed  alternately  the  one  on  the 
other.  It  was  found,  however,  that  such  an  arrangement  had  no 
power  of  developing  electricity  by  its  own  action,  but  was  capable 
of  receiving  a  charge  from  a  voltaic  pile,  and  parting  with  it  very 
slowly.  This  discovery  attracted  the  attention  of  other  experi- 
menters, but  no  great  results  were  produced  until  Plants  used 
plates  of  lead  immersed  in  a  solution  of  sulphuric  acid  and  water. 
Such  combinations  were  called  ^^  secondary  batteries,"  but  no 
lasting  practical  use  was  ever  found  for  such  batteries.  When 
electric  lighting  began  to  advance  with  giant-like  strides,  it  was 
predicted  that  the  inability  to  store  the  current  would  be  a 
fatal  barrier  to  its  success.  Electricians  were  fiilly  alive  to  the 
importance  of  this  objection,  and  nothing  was  more  natural  than 
that  they  should  have  directed  their  attention  to  ^^  secondary 
batteries,"  as  most  likely  to  afford  a  means  of  storage.  In  the 
spring  of  1881  it  was  announced  that  by  such  means  the  difficulty 
had  been  overcome,  and  that  ^'a  box  of  electric  energy,  equivalent 
to  nearly  a  million  foot  pounds,"  had  been  transmitted  from  Paris 
to  Scotland  in  perfect  safety.  This  announcement  was  shortly 
afterwards  confirmed  by  one  who  always  commands  our  attention 
whenever  he  either  writes  or  speaks  on  such  subjects.  This 
sudden  and  astonishing,  but  somewhat  ambiguous  statement 
naturally  attracted  a  great  deal  of  attention,  which  soon  became 
impatient  curiosity  when  it  was  found,  as  is  usually  the  case  in 
like  matters,  that  a  certain  amount  of  mystery  and  caution 
attended  the  whole  thing.  When  it  was  at  length  known  that 
the  results  stated  were  obtained  by  simply  covering  the  lead 
plates  of  a  Plants  secondary  battery  with  oxide  of  lead,  similar  to 
the  plan  tried  by  M.  De  la  Rive  when  experimenting  on  the 
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same  subject  in  1843,  no  doubt  many  experiments  were  made 
in  that  direction.  The  results  of  my  first  experiments  were 
published  in  the  September  of  1881.  The  question  I  endeavoured 
to  solve  was  the  durability  and  cost  of  such  batteries,  and  I  feel 
bound  to  state  that  the  results  obtained  were  not  in  favour  of  that 
class  of  battery.  On  several  occasions  statements  have  appeared 
which  were  not  in  accordance  with  my  experience,  and  which, 
emanating  &om  the  source  they  did,  made  me  doubtful  of  the 
correctness  of  the  results  of  my  own  experiments.  But  two  years 
have  now  passed,  and  I  know  of  no  instance  in  which  these 
batteries  have  gone  beyond  the  experimental  stage,  or  accom- 
plished anything  that  could  not  have  been  done  by  an  ordinary 
bottery ;  therefore  we  can  only  infer  that  they  have  not  proved  so 
snccessfdl  as  we  were  led  to  believe  they  would,  and  at  the 
present  time  we  must  admit  that  the  difficulty  of  storage  has  yet 
to  be  overcome. 

All  interested  in  the  successful  progress  of  submarine  telegraphy 
must  be  pleased  with  the  satisfactory  advancement  that  branch  of 
our  science  has  made  and  is  still  making.  Twenty  years  ago 
opinions  differed  as  to  the  practicability  of  deep-sea  telegraphy  as 
much  as  they  do  at  the  present  time  concerning  the  ultimate  success 
of  electric  lighting.  The  reasons  asserted,  even  by  persons  whose 
words  carried  a  certain  amount  of  authority,  against  the  i)08sibility 
of  ever  successfully  establishing  long  lengths  of  submarine  cables, 
were  too  absurd  for  sober  record.  "  Unfathomable  depths,  where, 
if  a  cable  found  a  resting  place,  the  enormous  pressure  to  which  it 
would  be  subjected  would  destroy  its  component  parts."  "A 
cable  would  never  descend  beyond  a  certain  depth."  "There 
were  in  the  ocean  certain  huge  monsters  which  would  devour  the 
cable  as  rapidly  as  it  was  laid."  Opinions  as  to  the  electrical 
difficulties  in  working  such  cables  were  as  equally  conflicting.  At 
the  present  time,  however,  with  but  few  exceptions,  every  civilised 
part  of  the  world  is  telegraphically  connected,  the  imaginary 
difficulties  vanishing  as  submarine  telegraphy  advanced;  for  not 
only  have  cables  been  successfully  submerged  in  great  depths,  but, 
after  many  years,  have  been  lifted  for  repairs  with  as  little  diffi- 
culty as  there  was  in  laying  them.    It  has  also  been  proved  that 
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high  speeds  can  be  obtained  with  conductors  of  high  resistance,  as 
compared  with  those  first  considered  necessary.  I  belieye  electric 
lighting,  which  at  the  present  time  is  engrossing  so  much  atten- 
tion, will  progress  in  the  same  satis&ctory  way  in  the  hands  of 
competent  and  sincere  workers. 

The  telegraph  system  of  England  under  Government  manage- 
ment would,  I  believe,  compare  favourably  with  that  und^r  the 
control  of  any  other  government,  but,  considering  the  disorgani- 
sation that  occurs  whenever  we  are  visited  with  severe  storms  or 
strong  electrical  atmospheric  disturbances,  there  is  yet  much 
room  for  improvement  in  that  direction.  With  a  view  to  prevent 
such  obstructions,  both  in  France  and  Crermany,  the  aerial  lines 
are  being  superseded  by  subterranean  wires,  with,  as  I  am 
informed,  satisfactory  results. 

The  telephone,  in  conjunction  with  that  equally  marvellous 
instrument  the  microphone,  is  making  progress  as  a  telegraph 
instrument,  but  up  to  the  present  time  only  for  comparatively 
short  distances,' owing  to  its  very  sensitive  nature.  In  experi- 
menting with  other  telegraph  instruments,  it  is,  as  a  rule,  sufficient 
to  get  at  their  working  capacity  by  means  of  resistance  coils,  but 
not  so  with  the  telephone.  I  have  heard  distinctly  with  a  tele- 
phone through  a  metallic  circuit  of  two  megohms^  which  was 
equal  in  resistance  to  330  Atlantic  cables,  or  664,000  miles,  but 
when  the  circuit  was  changed  to  a  cable  68  knots  in  length, 
having  a  resistance  of  675  ohms  on  one  end  of  the  telephone,  and 
a  resistance  equal  to  that  of  the  cable  on  the  other,  the  sounds 
received  were  very  indistinct.  On  the  8th  of  January,  1880, 
Charing  Cross  and  Cannon  Street  stations  were  telephonically 
connected  by  two  special  wires,  suspended  so  as  to  be  as  far  as 
possible  from  the  influence  of  the  ordinary  telegraph  wires. 
Notwithstanding  the  combination  of  noises  generally  heard  in 
either  of  these  stations,  conversation  could  be  freely  carried  otn, 
and  I  at  Charing  Cross  heard  distinctly  the  ticking  of  a  watch 
which  was  placed  on  the  instrument  at  Cannon  Street.  Greater 
wonders  than  this  have  been  achieved  with  the  same  kind  of 
instrument  since  that  date,  and  I  merely  instance  it  as  a  £Ekct  in 
the  early  days  of  the  microphone.  As  at  present  constructed, 
the  telephone  is  £Eur  too  sensitive  to  compete  successfrilly  with 
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oUier  types  of  telegraph  instruments,  but  it  would  be  interesting 
to  know  si  what  distance  they  really  would  work  on  a  circuit, 
either  earth  or  metallic,  placed  far  from  any  external  influence. 
Owing  to  the  inductive  effects  of  submarine  cables,  the  distance 
would  be  comparatively  limited. 

The  calls  on  the  skill  and  inventive  &culties  of  telegraph 
engineers  and  electricians  have  increased  so  rapidly,  and  are  so 
numerous  and  multifarious,  that  I  have  found  it  impossible  in  the 
time  allotted  me  this  evening  to  do  more  than  just  touch  upon  a 
few  of  the  most  important. 

In  conclusion,  I  would  remark,  especially  to  the  younger 
members  of  this  Society,  that  it  has  always  been  my  endeavour  to 
follow  the  advice  of  an  author  whose  name  I  have  forgotten,  but 
who  wrote:  "  I  find  a  frank  acknowledgment  of  one's  ignorance  is 
not  only  the  easiest  way  to  get  rid  of  a  difficulty,  but  the  likeliest 
way  to  obtain  information,  and  therefore  I  practise  it.  I  think  it 
an  honest  policy.  Those  who  affect  to  be  thought  to  know  every- 
thing often  remain  long  ignorant  of  many  things  that  others  could 
and  would  instruct  them  in  if  they  appeared  less  conceited."  The 
tendency  of  the  present  day  appears  to  be  to  sacrifice  much  to 
the  love  of  gain.  We  have  an  honourable  calling,  then  let  our 
asdeavour  and  ambition  be  to  guard  it  as  such,  and,  in  so  doing, 
"leam  to  labour  and  to  wait"  for  that  reward  which  is  sure  to 
crown  the  labours  of  the  honest  worker. 

Professor  W.  GtRYLLS  Adams,  F.R.S.:  Gentlemen, — I  have 
in  one  sense  a  very  easy  duty  to  perform,  because  I  see  that  you 
are  entirely  with  me  in  what  I  should  wish  to  say,  although  the 
terms  in  which  I  do  it  may  not  be  so  well  chosen  as  I  could  wish. 

Our  President  has  put  before  us  various  very  interesting  and 
very  important  points  which  are  worthy  of  the  careful  consideration 
ot  practical  men,  and  indeed  of  all  those  who  are  interested  in 
dectrical  science:  such,  for  instance,  as  the  conductivity  of 
copper,  the  action  of  light  on  selenium,  the  inductive  action 
between  coils  of  wire  placed  far  apart  from  one  another,  and  the 
effects  of  introducing  screens  of  different  metals  between  those 
ooHs  of  wire.  He  has  also  treated  of  many  other  important  points 
connected  with  the  practical  application  of  electricity,  and  we 
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look  to  him,  of  course,  as  one  of  oar  highest  authorities  on  all 
matters  relating  to  Atlantic  cables  and  their  history.  Among 
other  points  touched  upon,  there  was  one  in  which  I  was  very 
deeply  interested,  for  I  rejoice  to  say  that  in  our  Museum  at 
King's  College  we  have  the  loadstone,  spoken  of  by  our  President, 
which  has  been  made  celebrated  by  Faraday's  experiments  with  it — 
the  loadstone  which  was  lent  to  Faraday  by  Professor  Daniell,  and 
which  was  the  first  natural  magnet  from  which  Faraday  obtained 
his  induction  spark.  It  always  gives  me  great  pleasure  to  show  it 
to  those  who  are  interested  in  the  subject.  The  loadstone  referred 
to  weighs  28  lbs.,  and  is  just  capable  of  supporting  its  own  weight. 
I  am  sure  we  have  all  been  very  much  interested  to-night  in  the 
address  of  our  President,  and  in  the  various  topics  which  he  has 
introduced  into  it,  and  I  ask  you  to  join  with  me  in  thanking 
him,  and  to  give  your  cordial  support  to  the  proposal  which  I  have 
to  make :  "  That  the  thanks  of  the  Society  are  due  to  the  President 
for  the  very  interesting  address  which  has  been  delivered  by  him, 
and  that  he  be  requested  to  permit  its  publication  in  the  Society's 
Journal." 

Mr.  C.  E.  Spagnoletti  seconded  the  proposition,  and  cordially 
endorsed  Professor  Adams's  remarks.  Out  of  the  many  interesting 
points  touched  upon  in  the  President's  address,  he  (Mr.  Spagnoletti) 
enquired  whether  some  practical  advantages  might  not  be  derived 
frx)m  further  enquiry  into  the  peculiar  properties  of  selenium 
for  the  purposes  of  measuring  lights  of  great  power — ^a  subject 
which  had  hitherto  been  left  in  a  very  unsatisfactory  state, 
in  spite  of  the  trouble  and  attention  given  to  it.  Some  scale 
could  probably  be  laid  down  on  the  principle  of  the  one  which 
accompanied  the  President's  paper,  to  show  that  the  varying 
resistance  or  conductivity  of  selenium  was  in  accordance  with  the 
candle-power  of  large  or  small  lights  presented  to  it,  and  so  a 
reliable  photometric  instrument  may  be  obtained.  He  thought 
that  the  older  members  of  this  Society,  as  well  as  the  younger 
ones,  might  advantageously  adopt  the  President's  remarks  in 
regard  to  the  admission  of  want  of  knowledge  where  information 
was  required  or  desired  by  them. 

The  vote  was  heartily  accorded. 

'Hxe  President  :  Grentlemen, — I  am  extremely  obliged  to  you 
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{or  the  kind  way  in  which  you  have  received  my  address.  I  am 
afraid  I  have  not  delivered  it  as  clearly  as  I  should  have  wished 
to  have  done,  but  if  I  have  said  one  single  sentence  which  will  in 
any  way  conduce  to  the  advancement  of  the  science  in  which  we 
are  all  so  deeply  interested,  I  shall  be  more  than  amply  repaid  for 
all  the  time  and  thought  it  has  cost  me  in  compiling. 

A  bcdlot  then  took  place,  at  which  the  following  new  members 
were  elected : — 

As  Foreign  Meinbers: 
Tadasoke  Ishie.  |  B.  Shida. 

His  Excellency  General  W.  de  Raasloff. 

As  Members: 


Thomas  Buckney,  F.B.A.S. 
CSiarles  Capito. 
Alfired  Clayton. 


Charles  Friend  Cooper. 
J.  Angelo  Fahie. 
B.  D.  Smillie. 
Ivor  C.  Thomas. 

As  Associates: 

Leonard  Milne,  B.A. 
Percy  Hartley  Naftel. 
Frederick  Baumgart  Nicholson. 
Major  S.  Flood  Page. 
Alexander  Pentland. 
Ernest  Cecil  Bimington. 
laeut.  Buchanan  Scott,  B.E. 
Lieut.  Andrew  Stuart,  B.E. 
Senor  Bafstel  Suny^. 
H.  J.  Vose. 
Charles  Clement  Vyle. 
Benjamin  Warwick. 
John  Bichard  Williamson. 
Frederic  Wyles. 
Fung  Yee. 

As  Students: 
Frederick  Benjamin  Oliphant  Hawes. 
Eugene  Joseph  Moynihan. 

The  meeting  then  adjourned  until  Thursday,  February  8th, 
1883. 


G.  JL  Benson. 

John   Brailsford  Bright,  M.A., 

Ozon. 
Lient.  M.  A.  Cameron,  B.E. 
Edward  Catley. 
Harold  Collet. 
Thomas  Marshall  Collet. 
Henry  Crookes. 
Bichard  Lewis  Cousens. 
W.  F.  Dennis. 
Bernard  Mervyn  Drake. 
Captain  Arthur  Briscoe  Hawes. 
Lieut.  Henry  B.  Jackson,  BJS. 
Lieut.-Colonel  Keyser,  C.B. 
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The  One  Hundred  and  Eighteenth  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
2d,  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  8th,  1883— Mr.  WiLLODaHBY  Smtth,  President,  in 
the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  names  of  transfers  and  of  new  candidates  were  announced  and 

suspended.    Transferred  from  the  class  of  Associates  to  that  of 

Members : — 

G.  P.  Simpson,  B.Sc. 

From  the  class  of  Students  to  that  of  Associates :  — 

L.  D.  Barclay. 

The  following  recent  donations  to  the  Society's  Library  were 
announced : — 

Director,  Central  Italian  Telegraphs ;  Iron  and  Steel  Institute, 
Siemens  and  Halske,  Latimer  Clark,  Gannini  Alamiro,  Kew 
Observatory. 

The  Secretary  then  read  the  following  paper : — 

ON  THE  MAGNETIC  STORM  OF  NOVEMBER  17th,  1882. 

By  J.  Graves,  Member. 

On  arrival  at  the  oflSce  of  the  Anglo-American  Telegraph 
Company,  Valentia,  on  Friday  morning,  the  17th  November, 
I  found  all  lines  east  and  west  stopped  by  earth  currents  of 
extraordinary  strength;  the  siphons  of  the  Thomson  recorders 
on  all  cables  changing  from  side  to  side  off  the  paper  slip,  and 
assuming  frequently  a  horizontal  position.  Simultaneous  obser- 
vations on  all  four  cables  showed  synchronous  changes  ;  but  while 
the  three  western  cables  recorded  a  positive  current,  the  Emden 
cable  eastward  showed  a  negative  current,  and  vice  versa. 

Finding  that  working  was  impossible,  I  took  the  1873  cable 
and  made  observations  upon  the  quadrant  electrometer,  the 
constant  of  which  at  the  time  was  25  Fuller's  bichromate  cells, 
equal  to  300  scale  divisions ;  a  positive  charge  in  the  cable  giving 
a  right-hand  deflection  from  zero,  and  a  negative  charge  a  left- 
hand  deflection. 
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Upon  first  connecting  the  cable  to  the  electrometer,  the  reading 
was  positive,  and  varied  subseqaently  as  indicated  in  the  following 
figures.  The  readings  were  taken  as  rapidly  as  they  could  be  read 
and  written  down.  The  time  of  vibration  of  the  needle  being 
short  compared  with  the  intervals  between  the  readings  plotted, 
the  curve  may  be  taken  as  unaffected  by  those  vibrations : — 
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260  ^ 

50 

10.67 

370 

11.11 

150 

10.58 

400 

Electrometer   vio- 

170 

600 

lently    agitated — 
not  much  depend- 
ence to  be  placed 

11.12 

150 

10.69 

600  ' 

160 

700 

upon  these  prelim- 

100 

inary  readings. 

11.  0 

800 

11.13 

90 

11.  2 

900. 

120 

1,000  J 

Limit  of  mirror. 

110 

11.  3 

Violent  oscillations 

settling  down  at 

150 

• 

11.  5 

iO 
70 
35 

Bight. 

11.14 

80 
200 
240 

11.  6 

40 

11.15 

280 

10 

Left. 

250 

85 

11.16 

220 

60 
100 

250 
270 

150 

11.17 

... 

Zero  checked. 

11.  7 

170 
200 
160 

250 
800 
260 

Left. 

210 

11.18 

210 

235 

190  1 

Suddenly     crossed 

11.8 

246 

over. 

260 

11.19 

60 

Bight 

300 

100 

11.  9 

••• 

Zero  checked. 

180 

50 

Left. 

230 

100 

11.20 

270 

150 

310 

11.10 

200 

35a 

82 
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Time. 

Deflection. 

Direction. 

Time. 

Deflection- 

Direction. 

a.m. 
11.20 

840 

aju. 
11.29 

70 

860 

11.80 

100 

11.21 

400 

Extended  scale. 

110 

Crossed  suddenly. 

600 
600 

Bight 

11.801 

100 
180 

Left. 

500 

90 

11.22 

400 

150 

850 

lUl 

160 

11.28 

400 

200 

500 
520 

215 
206 

Trembling. 

500 

210 

11.24 

400 

215 

850 

11J2 

220 

11.26 

870 
890 
880 

210 
215 
250 

890 

UJSS 

240 

480 

1 

226 

11.26 

III 

11.84 

280 
215 
220 

480 
850 

11J5 

50 

70 

Dropped  suddenly. 

11.27 

800 
160 
170 
160 
150 

100 
80 
50 
10 
25 

170 

11.86 

0 

210 

50 

Bight. 

260 

. 

5 

11.28 

800 
810 

TrembliDg. 

80 
120 

260 
200 

0 
50 

Left. 

11.29 

160 
180 

0 
60 

Bight. 

165 

11-87 

40 

100 

• 

10 

60 

40 

lass.] 
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XX^Bv* 

DiOaellfm. 

DtnolloB. 

TIbm. 

DafltetiQB. 

DlieettoB. 

a.fn. 
US7 

0 

ajn. 
11-48 

270 

40 

Left 

11.48 

260 

0 

250 

GO 

260 

0 

280 

40 

Bight 

260 

0 

250 

60 

Left 

280 

30 

IIM 

280 

60 

16 

200 
60 

Fell  niddeiilj. 

11.J8 

35 

lUl 

0 

0 
20 

0 

Bight 

20 
80 
20 

Bight 

40 

Lea 

0 

80 

60 

Left 

60 

11.52 

70 

11^ 

100 

125 

70 
140 

11.53 

80 
56 

Violent  trembling. 

110 

150 

140 

11.54 

170 

170 

190 

163 

150 

11.40 

220 
170 

170 
120 

180 

11.66 

80 

180 

60 

150 

40 

11.41 

80 

100 

126 

IIM 

130 

110 

90 

126 

11.67 

100 

11.42 

165 
160 
200 

- 

11.58 

90 

140 
200 

llw48 

235 

240 

11.44 

260 

11.59 

270 

11.46 
11.48 

270 
310 

Bteadj  3  mins. 

Noon 

290 
270 
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M  SIUniiTANEOUB  EFFECTS  OF  MQHTNINa  C^a7 


/ 


At  noon  joined  up  cable  for  working,  but  found  it  impos 
to  work,  the  siphon  on  this,  as  also  on  other  cables,  beiu  j 
quently  in  a  horizontal  position. 

At  12.42  p.m.  the  currents  ceased  on  the  land  lines^ 
gradually  decreased  on  all  cables. 

At  12.45  p.m.  all  cables  at  work. 

From  3.24  to  3.47,  4  to  4.15,  4.40  to  5.20,  5.26  to  6.56 
and  at  frequent  later  intervals  during  the  evening,  the    ea 
currents  continued  to  interfere  with  working. 

On  November  1 8th  these  disturbances  were  renewed  earlj^ 
the  morning,  and  two  of  the  cables  were  worked  in  metallic  1< 
as  had  been  done  on  the  previous  evening. 

Land  lines  east  of  Valentia  and  west  of  Newfoundland  n 
more  or  less  stoi^>ed  all  day  on  the  17th,  and  a  great  blod 
work  remained  on  hand  in  New  York  for  the  eastern  hemisphc 


SIMULTANEOUS  EFFECTS  OF  LIGHTNINO 
ON  DIFFERENT  CABLES. 

By  J.  Graves,  Member. 

On  the  8th  November,  1882,  lightning  was  prevalent 
Valentia,  and  the  following  slips  show  the  record  on  th 
different  cables : — 

On  1873  cable- 


On  1874  cable- 


On  1880  cable— 


0 


There  was  a  heavy  thunderstorm  with  very  frequent  and  viv 
flashes  of  lightning  h^e  on  12th  February,  1883,  all  cables  beiKk^ 


J^-GroYes. 


^ 
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affected  by  ^ kicks"  due  to  inductive  effects  from  the  lightning 
discharges.  At  1.55  p.m.  the  following  simultaneous  effects  were 
observed: — 

On  1873  cable— 


On  1874  cable — 


'  t 


■        II      m'ttm 


On  1880  cable— 


» 


I 


'  .\ 


On  Emden  cable-* 


XII   iJI_iiOiii<    r»'~i  l^i^ir* 


••r. 


I  * 


• 


I  >lll^.l'lll  V  «■>  l^ll  II  »■■ 


At  2  pjn.  another  vivid  flash  occurred,  and  gave  the  following 
records  on  all  cables : — 


On  1873  cabl 


■■««M^*«^Ma«i^^>i«^^ 


I  \ 


•« 


On  1874  cable— 


Smni/TANBODB  BFFEOTS  OV  UGHXHINa,  Era.      [Feb.  8th, 
On  1880  cablt 


•     I 


•  I 


On  Emden  cable — 


It  so  happened  that  we  were  not  receiving  at  these  times. 

At  about  2A  p.m.  a  third  severe  flash  occurred,  giving  the 
following  record  on  the  1880  cable :— 


and  similar  indications  to  the  preceding  ones  on  the  1873  and 
Emden  cables ;  but  on  the  1874  it  gave  me  something  else  to  do 
than  to  collect  records,  for  the  1874  suspended  coil  of  the  recorder 
was  fused.  Valentia  was  sending  in  duplex  at  the  time,  and  the 
sudden  loss  of  one  circuit,  together  with  the  effect  of  the  light- 
ning, snapped  the  platinum  wire  carrying  the  siphon,  and  thus 
thoroughly  wrecked  the  instrument,  necessitating  the  insertion 
of  a  new  suspended  coil,  and  the  renewal  of  all  fibres,  etc. 

I  remember  being  asked  (I  believe  by  Mr.  W.  H.  Preece) 
whether  I  ever  noticed  lightning  to  affect  our  instruments,  and 
therefore  these  details  may  perhaps  interest  some  one  or  more  of 
our  members. 

,  The  ocean  cables  are  joined  to  the  station  by  5f  statute  miles 
of  underground  wires,  in  trenches  of  2  feet  to  3  feet  in  depth. 

Note  by  W.  H.  Pbeege. 

These  observations  are  extremely  interesting.  They  show  the 
frequent  reversals  induced  by  a  discharge  of  atmospheric  elec- 
tricity which'  produce  letters  on  the  Morse  apparatus.    They  do 
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not  quite  answer  the  query  I  once  raised,  which  was  this:  Do 
thunderstorms  out  at  sea,  beyond  the  reach  of  the  ear  or  eye, 
produce  **  kicks  "  on  the  cables  ? 

The  Segbetabt  then  read  the  following  two  papers  :— 

MAGNETIC  STORM  IN  INDU, 
By  E.  0.  Walker,  Member. 

A  magnetic  storm  was  observed  in  India  on  the  12th  September 
last.  Special  readings  were  taken  of  the  current  in  the  lines  from 
Belgaum  to  Vingorla  (70  miles),  and  from  Belgaum  to  Bellury 
(200  miles).    These  lines  run  approximately  east  and  west. 

In  the  chart  the  horizontal  lines  express  the  strength  of  current 
in  milliwebers,  each  space  corresponding  to  0*2  milliweber.  The 
vertical  lines  divide  the  chart  into  minutes,  from  7  to  11.9  a.m. 
The  broken  curve  is  the  daily  normal  earth  current;  the  thick  curve 
is  the  storm  current  on  the  Belgaum-Yingorla  line ;  and  the  thin 
curve  the  same  for  the  Belgaum-Bellury  line.  Curves  above  the 
centre  horizontal  line  show  the  current  flowing  from  west  to  east; 
those  below,  from  east  to  west. 

The  storm  began  about  7  hours,  and  by  15  hours  had  dis- 
appeared. Observations  were  suspended  after  11  a.m.,  as  the 
wires  were  required  for  traffic.  At  this  time  the  storm  had 
moderated.  It  was  coincident  with  a  cyclonic  disturbance  in 
Ouzerat,  and  a  very  heavy  rain&U  north  of  Bombay,  and  the 
approach  of  the  end  of  the  south-west  monsoon.  A  line  running 
east  and  west  from  Kolhapur  to  Batnagiri  (77  miles)  was  affected 
in  the  same  way  and  to  the  same  extent  as  that  from  Belgaum 
to  Vingorla.  The  wires  from  Kolhapur  to  Belgaum  (69  miles), 
which  lie  north  and  south,  were  almost  free  from  interference,  the 
observed  current  being  from  0  to  0*689  milliweber  from  north  to 
south.  As  a  rule,  the  line  from  Belgaum  to  Bellury  was  affected 
more  quickly  and  to  a  greater  extent  than  that  to  Vingorla,  though 
the  currents  in  both  lines  preserved  a  fair  uniformity  of  direction. 

The  wires  of  the  Unes  above  mentioned  may  be  taken  as  5^ 
B.W.G-.,  and  the  relays  at  both  ends  of  each  line  were  in  circuit 
when  the  observations  were  made. 
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EAETH  CUREENTS  IN  INDU. 
By  £.  0.  Walkeb,  Member. 

Observations  of  the  earth  currents  of  the  line,  Belganm  to  Vin- 
gorla,  were  made  from  the  21st  August  to  8th  October  last,  1882* 
The  line,  a  single  one,  70  miles  in  length,  consists  of  63  miles 
of  No.  5 J  B.W.G.  wire  and  7  miles  of  No,  9^  B.W.G.,  supported 
on  Prussian  pattern  insulators.  Belgaum  is  situated  on  the 
Deccan  plateau,  2,500  feet  above  the  sea  level ;  Vingorla  on  the 
sea  coast,  and  the  line  lies  about  east  and  west.  The  earth  con- 
nections were  iron  tubes  at  a  distance  from  the  ordinary  earths. 
Some  five  hundred  readings  were  taken  when  the  line  was  disen- 
gaged. The  general  rules  are  that  there  is  a  zero  between  7  and 
8  a.m. ;  the  current  then  begins  to  flow  from  Belgaum  to  Vingorla, 
east  to  west,  attaining  a  maximum  of  0*3  to  0*98  (average  0*595) 
milliweber  between  9.30  and  10  a.m.  It  then  decreases  to  a 
zero  between  12.20  and  12.50  p.m.,  then  begins  to  flow  from 
Vingorla  to  Belgaum,  west  to  east,  attaining  a  maximum  of  0*24 
to  1*23  (average  0-58)  miUiwebers  between  2  p.m.  and  3.45  p.m. 

These  zeros  and  maxima  almost  invariably  occur  within  these 
times.  After  3.45  p.m.  the  current  still  keeps  in  the  direction 
Vingorla  to  Belgaum,  until  a  zero  is  reached  between  11  p.m.  and 
midnight,  though  indications  of  currents  after  9  p.m.  are  small. 
From  midnight  to  5  a.m.  the  current  seems  variable  in  direction 
and  small  in  amount ;  after  5  a.m.  and  up  to  the  time  of  zero 
(between  7  and  8  a.m.)  it  flows  from  Vingorla  to  Belgaum.  I  have 
closely  compared  the  readings  at  full  moon  and  new  moon,  and  at 
intermediate  states,  but  find  no  reason  for  supposing  that  the 
currents  are  controlled,  or  variaticms  created,  by  the  moon.  In 
Mr.  Adams'  admirable  paper,  read  before  the  Society  on  February 
10th,  1881,  it  was  shown  that  there  were  daUy  variations  between 
London  and  Cardiff  following  the  movements  of  the  moon,  but  it 
is  a  curious  fact  that  the  time  of  change  and  of  occurrence  of 
maxima  do  not  by  any  means  shift  about  at  Belgaum  as  they  are 
shown  to  do  in  London.  It  is  also  remarkable  thiat  the  maximum 
current  observed  there  was  0*104  milliweber,  while  in  Belgaum  it 
has  been  as  much  as  1*233  milliwebers,  and  has  an  average  daily 


T 


>1 
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tnft^TiTnnTn  in  each  direction  of  0*6  milliweber.  A  theory  has  been 
held  that  earth  currents  in  India  are  always  in  one  direction :  this 
idea  may  perhaps  have  arisen  from  the  current  of  polarisation 
only  being  observed  when  testing  the  lines,  or  a  current  of  polari- 
sation combined  with  the  ordinary  earth  current.  However,  my 
observations  show  most  emphatically  that  there  are  regular 
changes  of  direction. 

It  seems  plain  that  there  is  no  single  current  running  round 
the  earth,  but  it  would  probably  be  found,  if  we  had  sufficient 
data,  that  places  situated  in  the  same  meridian  are  subjected  to 
tidal  changes  of  current  simultaneously. 

In  the  discussion  which  followed  Mr.  Adams'  paper,  it  was 
mentioned  that  the  transference  of  a  charge  of  electricity  from 
one  point  to  another  on  the  earth's  surfistce  would  induce  currents 
in  neighbouring  suspended  wires.  If,  then,  there  is  a  large 
induced  stationary  charge  of  electricity  which  remains  fixed  in 
position  relative  to  the  sun  while  the  earth  revolves,  as  it  were, 
within  this  envelope,  then  it  would  be  understood  that  there 
would  be  induced  currents  variable  in  amount  and  direction  in 
telegraph  lines  on  or  near  the  earth's  surface. .  The  form  which 
this  static  charge  takes  has,  I  think,  yet  to  be  determined.  With 
more  ample  observations  it  may  be  possible  to  arrive  at  a  curve  or 
curves  representing  the  induced  charge  by  the  times  of  occur- 
rence of  zero  and  maxima  in  telegraph  lines.  I  have  not  a  table 
at  hand  showing  the  diurnal  chauges  in  direction  of  the  magnetic 
needle,  but  to  the  best  of  my  memory  the  earth  currents  observed 
by  me  somewhat  follow  the  needle. 

The  following  paper  was  then  read  by  the  author : — 

EAETH  CURRENTS  (thibd  paper),  SUN-SPOTS, 
AND  ELECTRIC  STORMS. 

By  Alex.  J.  S.  Adams,  Associate. 

It  were  an  impertinence  upon  my  part  to  attempt  a  detailed 
consideration  of  the  physical  constitution  of  the  sun,  but  permit 
me,  nevertheless,  to  recall  one  or  two  points  that  more  particu- 
larly relate  to  the  subject  it  will  be  my  privilege  hereafter  to 
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submit.  By  many  of  the  earlier  authorities,  including  Brewster, 
and  at  least  the  elder  Herschel,  the  sun  was  considered  to  consist 
of  an  outer  luminous  atmosphere,  an  inner  cloudy  stratum,  and  a 
cool,  solid  centre  or  nucleus ;  whilst  modem  authorities  are,  upon 
the  other  hand,  inclined  to  the  belief  that  the  nucleus  is  possessed 
of  an  amount  of  heat  far  in  excess  of  the  outer  atmosphere.  Be 
the  precise  nature  of  the  nucleus  what  it  may,  we  can  safely 
conclude,  from  the  unanimity  of  opinion  upon  the  matter,  that 
the  solar  orb  consists  of  a  nucleus,  surrounded  by  an  inner  stratum 
and  an  outer  atmosphere. 

When  the  sun — i.«.,  his  outer  atmosphere — ^is  viewed  through 
the  telescope,  it  is  observed  to  have  frequently  large  and  perfectly 
black  spots  upon  it,  sometimes  so  considerable  as  to  be  apparent 
to  the  unaided  eye.  These  spots  are  neither  permanent  in  form 
nor  fixed  as  to  position,  but,  when  watched  from  day  to  day,  and 
even  frt>m  hour  to  hour,  are  seen  to  contract  or  enlarge,  and  other- 
wise to  change  form,  as  they  gradually  cross  the  sun's  face  from 
east  to  west. 

In  some  instances — as  in  November  last — a  large  spot  will 
disappear  round  the  sun's  western  limb,  and,  after  passing  behind 
the  sun,  will  again  appear  at  the  eastern  side,  and  cross  the  sun's 
face  as  before. 

That  these  spots  are  gaps  or  openings  in  the  sun's  outer  atmos- 
phere is  probable,  but  in  how  hi  the  actual  nucleus  or  body  of 
the  sun  is  ^libited  through  the  openings  it  would  be  difficult  to 
conjecture. 

In  passing  to  the  consideration  of  electric  disturbances  upon 
our  globe,  you  will  be  already  aware  that  there  is  not  only  a  weak, 
variable,  imfelt,  but  constantly  present  natural  electric  force 
upon  the  telegraph  systems  throughout  the  globe,  but  that  those 
systems  are  sometimes  also  severely  deranged  by  temporary 
strong  currents  that  e^er  and  anon  force  themselves  unawares 
upon  the  notice  of  the  practical  telegraphist.  Such  exceptional 
currents,  designated  in  a  former  paper  <<  storm  currents,"  are  by 
no  means  so  infr^uent  as  might  at  first  sight  be  supposed.  The 
b/d  is  that  minor  storm  currents  are  very  frequent,  although  they 
^re  sufficiently  strong  to  overpower  the  working  currents  of  our 
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telegraph  lines  only  once,  twice,  or  thrice  in  a  twelvemonth,  and 
sometimes  daring  a  whole  year  not  at  all.  But  occur  when  they 
may,  these  storm  currents  come  suddenly,  remain  but  for  a  short 
period,  often  for  a  few  hours  only,  and  then  as  suddenly  vanish. 
What  are  these  disturbers  of  the  telegraphist's  peace  of  mind  ? 
Whence  come  these  vagrant  forces  ?  It  will  be  my  endeavour  to 
offer  for  your  consideration  a  reply  to  those  questions. 

In  the  communications  I  have  already  had  the  privilege  to 
submit  to  the  Society  of  Telegraph  Engineers  and  of  Electricians, 
it  v^as  my  purpose,  first  to  demonstrate  the  fact  that  the  two 
forces,  I  mean  the  "  earth  current "  and  the  "  storm  current,'*  were 
distinctive,  and  should  be  separately  considered,  and  my  remarks 
were  then  entirely  directed  to  a  consideration  of  the  normal 
"  earth  current  **  variations,  the  question  of  the  "  storm  current " 
being  purposely  postponed ;  but  the  time  has  come  when  I  would, 
with  your  kind  permission,  ask  your  attention  for  certain  features 
and  observations  in  connection  with  the  latter  force. 

In  attempting  to  develop  a  line  of  argument  in  reference  to 
the  production  of  natural  electric  currents,  I  was  compelled  to  lay 
down  some  proposition  upon  which  to  work,  and  the  following 
appeared  reasonable : — 

1.  That  the  heavenly  bodies  are  electrical. 

2.  That  each  body  may  be  considered  to  possess  a  definite  and 
invariable  electrical  quantity  or  quality,  as  regards  the  whole. 

3.  That  each  body  exerts  by  induction^  rather  than  by  a 
simple  discharge  of  electricity,  an  effect  upon  each  of  the  remain- 
ing bodies,  in  proportion  to  the  governing  circumstances. 

This  appeared  to  be  the  logical  outcome  of  reason,  warranted 
by  what  is  known  through  experiment;  and  based  upon  this,  with 
the  confirmation  obtained  firom  the  observed  variations  of  the 
normal  earth  current,  I  sought  to  show  that  the  moon  was  one 
great  disturber  of  the  electrical  condition  of  our  globe,  resulting 
in  the  formation  of  electric  tides.  It  was  further  suggested  that 
the  natural  electric  currents  might  be  set  up  by  a  simple  retarding 
effect  of  the  moon,  whereby  a  difference  of  speed  would  be  pro- 
duced between  the  earth  and  her  electricity,  the  strength  of  the 
resultant  current  being  simply  proportionate  to  the  difference  in 
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their  speeds  of  revolution.    Given  the  earth  and  her  electricitjtai^ 
revolving  in  equal  ratio,  there  would  be  no  natural  current  effect! 
as  we  now  have  them*  T"" 

Now,  if  the  result  of  the  disturbing  influence  of  one  external  , 
body,  such  as  the  moon,  be  the  production  of  a  general  and  more 
or  less  defined  variation  of  current,  should  we  not,  consequent 
upon  the  earth's  revolution,  also  expect  a  similar  regularity  in  the 
effect  of  any  other  external  disturbing  power  ?  and  would  not  the 
fEkct  of  a  similar  tidal  variation  in  any  natural  electric  current 
lead  us  to  suspect  in  their  case,  also,  an  external  source  of 
causation  ?  And  be  it  borne  in  mind,  the  tajct  remains  that  the 
effect  of  an  electric  storm  is  felt  by  all  the  telegraphic  systems  of 
the  globe — a  fsict  that  in  itself  is  suggestive  of  external  causation. 

Such  were    the  reflections  that  occurred  to  my  mind    in 
reference  to  electric  storms ;  but  owing  to  the  infirequency  of  the 
greater  storms,  the  variableness  of  the  currents  and  the  want  of  — ^ 
opportunity,  it  has  been  extremely  difficult  to  follow  up  the 
variations.  "^ 

During  the  great  storm  of  August,  1880,  a  rough  survey  of 
the  current  changes  denoted,  unmistakably,  a  regularity  in  the 
general  rise  and  fall  of  the  storm  current  and  in  its  mean 
direction,  but  further  opportunity  for  more  reliable  observation 
was  awaited. 

The  great  storm  of  November  last  presented  such  an 
opportunity,  and  the  storm-current  variations  for  many  hours 
were  obtained,  the  best  result  being  from  a  wire  extending 
between  London  and  Leicester,  and  for  the  result  of  which  I  am 
indebted  to  the  kindness  of  Mr.  W.  H.  Preece,  F.E.S. 

The  observations  illustrated  by  Fig.  1  consist  of  those  taken 
upon  the  London-Leicester  wire  from  6  pan.  on  the  17th  to  7  aon. 
on  the  18th  November,  and  a  shorter  curve  of  readings  that  were 
taken  upon  a  Leeds-London  wire  between  11  p.m.  on  the  17  th 
and  8  a.m.  on  the  18th,  and  from  which  it  will  seen  how  clear  are 
the  indications  of  a  double  progression  in  the  variation,  similar  to 
that  which  takes  place  in  the  normal  earth-current  variation — a 
progression  which  at  once  suggests  a  source  of  causatioti  external 
to  the  globe. 
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But  whence  may  we  find  that  source  ?  It  has  been  the  opinion 
of  some,  and  of  no  gentleman  more  strongly  than  of  Mr.  W.  H. 
Freece,  FJS.S.9  ^^^  sun-spots  were  in  some  way  responsible ;  but 
although,  consequent  upon  the  appearance  of  a  disturbance  to  the 
!nm's  photosphere,  an  electric  storm  would  sooner  or  later  super- 
Tene,  the  storm  current  would  be  by  no  means  simultaneous  with 
the  appearance  of  the  sun-spot,  nor  would  the  sun-spot  vanish 
with  the  disappearance  of  the  storm  current,  and  these  apparent 
contradictions  seemed  to  call  for  explanation  before  the  theory 
could  be  regarded  as  satisfieu^tory.  That  there  was  some  sort  of 
connection  between  solar  spots  and  electric  storms  appeared 
evident,  but  how  was  the  seeming  discrepancy  I  have  mentioned 
to  be  reconciled  ? 

During  the  interval  between  the  electric  storms  of  last  April 
and  that  of  the  following  October,  the  subject  of  this  apparent 
nonconformity  of  the  current  to  sun-spot  appearance  and  dis- 
appearance received  careful  consideration,  and  it  ultimately 
occurred  to  me  that  the  probability  of  the  sun's  electric  influence 
proceeding  firom  his  solid  opaque  body,  rather  than  from  his 
luminous  atmosphere,  had  not  been  sufficiently  regarded — that 
in  all  probability  the  sun's  atmosphere  materially  reduced,  if  it 
did  not  completely  cut  oflF,  the  sun's  electrical  forces : — a  theory 
that  requires  no  stretch  of  imagination,  and  which  goes  far  to 
explain  the  comparatively  slight  electrical  influence  the  sun  nor- 
mally exerts  upon  the  earth. 

Taking  up  the  matter  from  this  point  of  view,  I  was  impelled 
to  the  conclusion  that  the  prod/uction  of  electric  storm  currents 
upon  owr  globe  is  chie  to  the  greater  or  less  exposv/re  of  a 
portion  of  the  surCs  soUd  hody^  consequent  upon  the  opening  of 
the  sun's  luminous  atmosphere,  and  to  the  direct  action  of  that 
exposed  portion  of  the  sun's  body  upon  the  earth;  and  that, 
because  force  acts  in  straight  lines,  the  sun's  influence  through 
the  break  in  his  atmosphere  can  only  be  felt  by  the  earth  when 
the  exposed  portion  of  the  sun  is  actually  presented  to  the  earth 
(and  it  seems  to  me  the  precise  constitution  of  that  atmosphere, 
whether  of  self-luminous  clouds  or  of  circling  meteoric  systems, 
and  the  precise  cause  of  disruption  in  that  atmosphere,  whether 
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by  local  development  or  because  of  the  entrance  of  some  cirM      ^ 
body  into  it  as  it  traverses  its  orbital  coarse,  will  not  oSea 
value  of  my  argument) — a  sufficient  explanation  of  the  ctt 
want  of  conformity  already  alluded  to. 

It  will  be  readily  understood  if,  by  way  of  ezplanatioil 
suppose  the  sun's  atmosphere  to  be  itself  dense  and  dark,  li 
the  sun's  body  is  brilliant  with  light.  The  light  that  would  \ 
from  the  sun's  body  through  the  atmospheric  opening  migbi 
seen  in  the  form  of  a  distant  ray,  but  only  when  the  opefl 
reached  a  point  nearly  opposite  the  earth  should  we  get  ' 
direct  eflfect  of  the  light.  ' 

An  opportunity  for  testing  this  aspect  of  the  subject  has  ll 
recently  offered.    The  electric  storm  of  November  was  remark^ 
my  own  records  offering  nothing  in  comparison  with  the  stre^ 
of  its  currents ;  moreover,  the  sun-spot  was  of  considerable  I 
frequently  visible  to  the  eye  without  artificial  aid.      For 
precise  dates  of  the  sun-spot  appearance  and  disappearance  I  ^  ^^ 
to  thank  Mr.  William  Ellis  of  the  Greenwich  Observatory,  aii 
will  be  seen  from  Fig.  2,  in  which  S  represents  the  sun  and^  — 
luminous  shell,  E  the  earth,  and  P  a  sun-spot,  or  cavity,  t| 
if  the  sun-spot  first  appeared  upon  the  eastern  limb  of  the  st  ~^^ 
disc  upon  a  given  date,  by  moving  the  spot  round  in  conjunol^ 
with  the  sun's  atmospheric  period  of  revolution — say,  one  revi^  — - 
tion  in  25  days — ^the  opening  in  the  sun's  atmosphere  shd 
centre  upon  the  earth  at  about  the  sixth  day  afterwards,  and  ti 
the  first  and  last  shock  of  direct  electrical  effect  should  be  felfe 
nearly  equal  distances  upon  either  side  of  that  sixth  day,  the  si! 
spot  disappearing  about  six  days  later  still. 

What  are  the  actual  facts  in  connection  with  this  last  Novel 
ber  storm?  The  recent  sun-spot  became  visible  on  Novem| 
12th,  at  the  extreme  eastern  limb  of  the  sun's  disc,  the  eai 
current  remaining  undisturbed  for  no  less  than  five  days  afbi 
wards.  Upon  the  morning  of  the  17th  the  electric  storm  bta 
upon  us,  and  continued  with  varying  vigour  for  three  dag 
disappearing  during  the  early  morning  of  the  21st,  after  whi 
the  normal  earth  current  assrmied  its  wonted  appearance.  Ti 
sun-spot,  however,  remained  visible  until  the  25th,  when 
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•iisappeored  over  the  western  limb.    Thus  it  would  appear  that 
he  flash  of  electric  influence  occupied  five  days  in  reaching  the 

th  by  the  sun's  motion,  and  three  days  in  passing  the  earth. 
Upon  the  disappearance  of  the  great  spot   round  the  sun's 

stem  limb,  on  November  25th,  it  occurred  to  me  that  the 
remains  of  that  spot  might  show  themselves  upon  the  sun's 

«  when  the  required  time  for  their  revolution  round  the  sun 

liad  elapsed,  and  diligent  watch  was  consequently  made  for  the 

reappearance  of   storm  currents.      Upon  the    15th    and    16th 

December,  dates  at  which  the  remains  of  the  spot,  if  any  existed, 

^^lould  be  nearly  at  the  centre  of  the  sun's  fece,  electric  storm 

currents  of  very  moderate  strength  were  prevalent,  and  in  answer 

o  my  enquiry,  the  Astronomer-Royal,  to  whose  kindness  I  am 

Quch  indebted,  stated  that  ^^  the  aunrspota  cbaerved  on  December 

\5ihj  etc.y  a/re^  wUhovi  doubt^  the  remains  of  the  large  apot  of 

November  12-25,"  and  adds :  "  FoUomTig  the  rotation  of  the  eun^ 

he  November  epot  should  have  been  on  the  IvmJb  about  December 

3ih,  at  7  jo.m.,  and  should  be  f/rst  seen  here  on  the  Tnomimg  of 

December  1(MA." 

Thus  we  see  the  remains  of  the  November  great  spot  appeared 
on  the  sun's  eastern  limb  late  on  the  9th,  followed  by  electric 
storm  currents  about  six  days  later,  and  bearing  out  the  idea  that 
it  is  necessary  for  the  exposed  portion  of  the  sun's  body  to  get  in 
a  line  with  the  earth  through  the  opening  in  his  atmosphere  for 
the  occurrence  of  an  electrical  disturbance. 

I  may  also  add  that,  whereas  the  great  spot  of  April,  1882,  was 
first  visible  on  the  13th  of  that  month,  the  electric  storm  did  not 
really  break  upon  us  until  the  17th,  and  prevailed  to  the  20th  a 
further  indication  of  the  correctness  of  the  view  I  have  sought  to 
advance. 

To  me  the  &cts  connected  with  these  electric  storms  are  sub- 
lime to  a  degree,  and  altogether  corroborative  of  the  conjectured 
explanation — ^an  explanation  that,  whilst  amply  vindicating  the 
opinions  of  those  who  held  the  theoiy  of  sun-spot  causation  also 
opens  a  wide  field  in  the  domain  of  practical  astronomy.  Nor  is 
it  too  much  to  hope  that  the  correctness  of  this  view  may  be  com- 
pletely substantiated  with  the  appearance  of  the  next  considerable 
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solar  spot,  and  its  truth  enable  oar  astronomers  to  become 
prophetic  in  fixing  for  us,  days  beforehand,  the  probable  magni- 
tude and  time  in  appearance  of  electric  storms. 

In  conclusion,  to  my  mind  a  feature  of  much  interest  occurs 
in  the  question.  What  is  the  amount  of  force  expended  at  the 
sun  to  furnish  these  electrical  disturbances  upon  our  earth  ?  We 
must  bear  in  mind  that  the  force  rays  that  through  a  solar  spot 
strike  the  earth  in  a  given  moment  of  time  form  a  small  moiety 
of  the  whole  that  finds  its  way  through  the  spot  into  space ;  and 
yet  the  moiety  that  did  strike  the  earth  was  capable,  in  November 
last,  of  producing  a  disturbance  equal  to  no  less  than  the  ^  of  an 
ampere.  Now,  calculating  back  over  the  95,000,000  of  miles  to 
the  sun,  we  shall  find  that  those  few  rays  of  force  will  equal  at  the 

* 

unit  distance  of  the  sun's  atmosphere  500,000  ampdres  nearly ; 
and  it  would  be  as  interesting  to  know  the  consumption  of  coal 
necessary  per  second  of  time  for  the  production  of  those  few  foroe 
rays,  as  it  would  how  long  the  earth  could  retain  its  present  con- 
stitution under  the  influence  of  the  heat  produced. 

If,  too,  the  hypothesis  I  have  sought  to  advance  regarding  the 
effect  of  the  sun's  body  through  gaps  in  his  atmosphere  be  estab- 
lished, the  tajct  that  such  mighty  forces  are  emitted  by  the  sun's 
nucleus  is  suggestive  of  a  further  feature  in  respect  to  the  solar 
economy,  and  it  is  this :  the  earth,  in  her  orbital  course,  is  con- 
tinually cutting  lines  of  force,  enfeebled  though  they  be  by  the 
sun's  atmosphere,  and  an  electrical  disturbance  upon  the  earth, 
with  proportionate  heat  value,  is  the  result.  May  not  the  cat- 
ting up  and  resolving  into  heat  of  the  sun's  electrical  rays  by 
the  sun's  atmosphere  be  sufficient  to  account  for  the  otherwise 
amazing  light  and  heat  tKat  are  by  that  atmosphere  thrown  into 
space?  Indeed,  imagination  fails  in  its  attempt  to  grasp  the 
mighty  electrical  forces  which  the  sun,  as  a  whole,  may  throw 
upon  his  atmosphere  for  conversion  into  heat  and  light. 

2Sih  November,  1882. 

*^*  The  snggested  great  difference  in  the  electrical  quality  of  the  ran's  hodj 
ap  against  that  of  his  lazninons  atmosphere  wiU  hardly  be  considered  too  great 
when  it  is  remembered  how  vastly  larger  than  the  sun  must  be  his  outer 
sphere  and  the  consequent  decrease  in  its  electric  tension;  moreover^  it  is 
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probable  that  the  sun's  atmosphere  partakes  of  a  form  nob  oalcnlated  to  exhibit 
high  electrical  qualities.  The  exposure  of  the  sun's  body  can  at  best  be  but 
partial,  and  owing  to  the  variableness  of  the  spot  cavity  the  electrical  forces 
evolved  must  necessarily  be  equally  changeable. 

The  President:  Gentlemen, — ^We  have  had  four  very  interest- 
ing papers.  In  a  Society  like  ours  snch  a  subject  should  produce 
a  profitable  discussion ;  therefore,  if  any  gentleman  present  will 
&vour  us  with  his  views  on  the  subject,  we  shall  be  pleased  to 
hear  him.  Perhaps  Professor  Adams  has  something  to  say  on  the 
matter. 

Professor  W.  Grtlls  Adams,  F^-S.  :  I  should  have  preferred 
to  listen  to  the  views  of  other  members  before  joining  in  the  dis- 
cussion on  Earth  Currents,  but,  in  obedience  to  the  call  of  our 
President,  I  rise  to  open  the  discussion  on  this  interesting  subject, 
on  which  we  have  had  three  distinct  papers  this  evening.  In  the 
discussion  which  followed  the  paper  read  by  Mr.  Adams  some  two 
years  ago,  on  the  regular  diurnal  earth  currents,  I  stated  a  theory 
which  had  been  put  forward  by  Professor  Bowland,  and  which  is 
mentioned  in  Mr.  E.  0.  Walker's  paper.  Professor  Bowland 
showed  that  a  static  charge  of  electricity  which  is  carried  firom  one 
place  to  another  will  act  in  the  same  way  in  producing  magnetic 
effects  as  a  current  of  electricity  flowing  between  the  same  two 
places — i.«.,  a  transfer  of  a  static  charge  of  electricity  is  equivalent 
to  an  electric  current  in  producing  magnetic  effects.  If  I  rightly 
understood  his  statement,  Mr.  Walker  seems  to  think  that  a 
static  charge  which  is  fixed  in  position  will  be  capable  of  pro- 
ducing magnetic  effects.  Tins  is  not  the  case;  the  magnetic 
effects  are  due  to  the  transfer  of  the  charge  firom  one  place  to 
another. 

With  regard  to  Mr.  Adams'  papers  and  his  theories,  I  should 
like  to  make  a  few  remarks.  In  his  paper  read  two  years  ago^ 
he  deals  more  particularly  with  the  regular  diurnal  6arth  currents, 
which  seem  to  depend  upon  the  motion  of  the  moon. 

I  am  afi^d  that  his  theory  cannot  be  accepted,  viz.,  that  the 
earth  has  a  charge  of  electricity  v/pon  Uy  the  distribution  of  which 
is  affected  in  a  peculiar  way  by  the  position  of  the  moony  and 
thai  these  changes  in  the  distribution  give  rise  to  the  regtdar 
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dimnfud  earth  cfwrrents  avd  terrestrial  nuzgnetie  changes  which 
are  observed.  If  we  are  to  form  a  theory  on  a  subject  on  which 
we  have  as  yet  comparatively  few  &cts,  I  should  still  prefer  to 
regard  the  theory  which  I  threw  out  in  the  discussion  two  years 
ago,  and  in  my  paper  before  the  British  Association,  as  a  more 
probable  one,  and  one  which  is  certainly  in  accordance  with  well- 
known  principles  of  electricity. 

The  hct  that  the  earth  consists  of  magnetic  matter,  and  that 
there  are  tides  in  the  earth  caused  by  the  moon  and  by  the  sun 
— tides,  I  mean,  not  only  in  the  seas,  but  in  the  solid  body  of  the 
earth  itself,  altering  its  form,  thus  raising  up  a  tide  in  that 
magnetic  matter, — ^this  bet  would  be  quite  sufficient  to  account 
for  an  earth  current  in  a  direction  from  the  equator  to  the  polar 
regions.  Then,  again,  high  up  in  the  middle  regions  of  the 
atmosphere,  in  the  region  of  auroras,  you  have  a  rare  atmosphere 
which  conducts  electricity  or  allows  discharges  through  it  more 
readily  than  the  lower  and  denser  atmosphere.  From  the  tidal 
retardation  of  this  atmosphere  of  oxygen  behind  the  magnetic 
matter  of  the  earth  caused  by  the  attraction  of  the  moon,  we 
might  expect  a  transfer  of  electricity  in  the  atmosphere  itself  in 
a  direction  from  the  polar  regions  towards  the  equator :  thus  the 
attractions  of  the  sun  and  moon  on  the  magnetic  matter  of  the 
earth  and  on  its  atmosphere  might  be  expected  to  give  rise  to 
regular  diurnal  earth  currents  from  the  equator  towards  the  poles, 
and  a  transfer  of  electricity  in  the  shape  of  currents  or  electrical 
discharges  in  the  higher  regions  of  the  atmosphere  in  a  direction 
from  the  poles  towards  the  equator ;  at  any  rate  there  would  be 
nothing  contrary  to  well-known  principles  in  such  a  supposition. 
It  gives  a  direct  relation  between  the  regular  diurnal  earth 
currents,  magnetic  disturbances,  and  the  streamers  of  the  aurora, 
which  is  intimately  connected  with  them. 

In  his  paper  this  evening,  Mr.  Adams  has  dealt  more  particu- 
larly with  powerful  earth  currents  and  with  violent  magnetic 
disturbances,  such  as  we  have  had  in  September  and  November 
last  and  during  the  past  month.  In  my  paper  before  the  British 
Association,  I  compared  such  magnetic  disturbances  at  observa- 
tories all  over  the  globe — several  in  the  northern  hemisphere 
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and  some  in  the  southern  hemisphere.  The  photographic  records 
taken  at  those  observatories  were  reduced  to  the  same  time-scale, 
were  placed  over  one  another,  and  then  the  tracings  compared 
with  one  another.  I  found  that  those  magnetic  disturbances 
occurred,  as  nearly  as  one  can  say,  at  the  same  instant  all  over 
the  globe.  There  has  been  a  general  impression  that  these  dis- 
turbances are  larger  in  the  neighbourhood  of  the  poles  than  near 
the  equator.  A  careful  comparison  of  the  magnetic  curves  shows 
that  there  is  not  such  a  very  great  difference  in  the  magnitude  of 
these  disturbances,  whether  they  occur  in  the  north  of  Europe,  or 
in  Asia,  or  near  the  equator.  Unfortunately,  the  instruments  used 
in  different  magnetic  observatories  are  not  equally  sensitive,  and 
80  a  false  impression  may  be  obtained  from  the  direct  comparison 
of  the  curves  unless  the  scale  values  are  taken  into  account. 
Thus  the  instruments  at  St.  Petersburg  are  very  sensitive,  at 
Vienna  and  at  Kew  and  Melbourne  they  are  less  sensitive,  whilst 
at  Bombay  and  at  the  Mauritius  the  magnetic  needles  have  not 
been  magnetised  to  the  same  degree,  and  consequently  the  dis- 
turbances appear  to  be  very  much  smaller. 

Mr.  Adams  has  referred  to  the  earth-current  disturbances  of 
August,  1880.  I  have  compared  the  photographic  records  of  the 
magnetic  disturbances  of  that  storm  taken  at  Toronto,  St.  Peters- 
burg, Vienna,  Kew,  Lisbon,  China,  the  Mauritius,  and  Melbourne. 
At  all  those  stations — i.6.,  practically  all  over  the  globe — the 
storm  began  at  the  same  instant,  and  at  stations  even  wide  apart 
from  one  another  the  general  character  of  the  disturbances  was 
the  same.  Thus  at  the  beginning  of  the  storm  the  vertical-force 
curves  at  Lisbon,  where  the  vert^ical-force  needle  is  very  sensitive, 
and  also  at  an  observatory  at  Zi  Ka  Wei,  near  Shanghai,  in  China, 
where  there  is  also  a  very  sensitive  vertical-force  needle,  the  two 
curves,  when  put  over  one  another,  were  almost  absolutely  identi- 
cal, showing  that  the  disturbance  had  begun  at  both  places  at  the 
very  same  instant,  and  that  this  disturbance  was  absolutely  of  the 
same  form  at  the  two  stations  and  taking  place  at  the  same  rate 
— ^that  in  tact  for  a  certain  period  there  was  no  difference  what- 
ever in  the  character  of  those  disturbances.  Now,  unfortunately, 
at  most  of  the  other  stations,  except  St.  Petersburg,  the  vertical- 
VOL.  xn.  4 
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force  curves  do  not  appear  to  show  great  changes,  because  the 
vertical-force  needles  are  not  set  up  in  a  sufficiently  sensitive 
state  to  get  very  much  out  of  them.  In  fiujt,  ordinarily  the  trace 
is  simply  a  straight  line,  or  as  nearly  as  possible  a  straight  line, 
with  no  variation  except  when  a  magnetic  storm  occurs. 

The  horizontal  force  curves  are  also  similar  in  character  at 
such  widely  distant  stations  as  St.  Petersburg,  Vienna,  Kew, 
Lisbon,  Bombay,  Melbourne,  and  Zi  Ka  Wei  in  China. 

With  regard  to  the  theory  that  Mr.  Adams  brings  forward, 
I  am  a&aid  that  we  have  hardly  sufficient  &^  established  yet  to 
form  the  basis  for  a  theory  which  would  be  of  very  much  service 
to  us.  We  have  as  yet  to  arrange  and  compare  the  observations 
of  magnetic  storms  made  in  magnetic  observatories  with  the 
observations  of  earth  currents  (which  have,  of  course,  a  direct 
connection  with  these  magnetic  storms — ^there  is  no  question 
whatever  about  that)  and  with  observations  of  aurorse,  which  have 
not  been  touched  upon  to-night,  but  which  are  most  intimately 
connected  with  these  magnetic  storms  and  with  earth  currents. 

In  the  present  state  of  our  knowledge  we  should  be  careful 
how  we  put  forward  theories,  lest  they  should  be  found  to  be 
based  entirely  upon  conjecture.  For  instance,  I  think  the  theory 
which  Mr.  Adams  has  just  put  forward  with  regard  to  the  electrical 
influences  coming  from  the  body  of  the  sun  in  straight  lines 
through  a  spot,  and  only  affecting  the  earth  when  those  straight 
lines  happen  to  fall  upon  it,  scarcely  agrees  with  the  established 
principles  of  electrical  induction,  and  will  hardly  account  for  the 
facts  observed,  viz.,  that  after  the  appearance  of  the  sun-spot  round 
the  edge  of  the  sun  it  will  be  four  or  five  days  before  the  magnetic 
disturbance,  which  appears  to  be  connected  with  that  sun-spot, 
begins  to  affect  the  earth.  I  think  we  must  see,  first  of  all,  a 
little  more  connection  between  this  disturbance  on  the  sun's 
surface  and  what  we  know  of  electrical  induction.  The  sun  has  an 
atmosphere  in  a  very  disturbed  state,  and  we  know  a  great  deal 
about  this  atmosphere.  We  know  the  character  of  the  motion  in 
the  neighbourhood  of  a  sun-spot  firom  the  spectra  which  have  been 
observed — that  in  fact  a  sun-spot  is  a  sort  of  tornado  or  whirlpool, 
the  magnitude  of  which  we  have  no  conception  of,  but  the  character 
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ofwbieli  we  know  very  weU  from  shnflar  dirtnibsn^es  prodnoed  in 
the  atmosphere  of  the  earth  or.  in  the  ocean.  We  may  say  that 
we  have  a  very  large  whirlpool  in  the  atmosphere  of  the  snn.  But 
I  think  that  we  should  not  jmnp  to  the  conclusion  that  the  sun's 
atmosphere  is  a  shidd  to  protect  the  earth  from  the  electrical 
influence  arising  fiY>m  the  body  of  the  sun,  even  supposing  that 
the  body  of  the  sun  were  electrically  charged.  If  there  is  an 
electric  chiarge  on  the  body  of  the  sun,  surely  it  will  be  on  the 
OBtside  oi  the  solar  atmosphere  that  we  should  get  this  tremen- 
dous diarge  of  electricity,  and  therefore  you  may  say  that  the 
earth  would  be  entirriy  open  to  its  influecEice.  -  Electricity  spreads 
to  the  surfaee,  and  therefor  we  m^y  expect  the  outside  of  the 
flolar  atmosphere  to  be  ohmrged  up  to  a  Tery  high  potential,  and 
so  we  should  not  look  for  the  disturbance  to  come  through  a  rift^ 
in  that  atmosphere. 

Of  coarse  it  is  nece^^ary  to  bring  to  bear  on  this  subject  ali^ 
iht,  evidence  we  can,  from  spectrum  analysis  and  from  other 
sources^  so  as  to  find  out  really  what  connection  there  may  be 
between  sunrspots  and  the  magnetic  disturbances  on  the  earth. 
I  tjiink  we  must  regard  the  sun-spots  rather  as  signs  of  very  great 
disturbance  in  ihe  solar  atoiosphere,  than  as  holes  through  which 
electrical  influence  may  pass. 

Obervations  seem  to  show  that  when  the  sun's  atmosphere  is 
in  a  state  of  Y&rj  great  disturbance  there  is  less  heat  received  by 
the  earth  from  the  sun,  and  hence  the  conjecture  has  been  thrown 
out  that  this  diminution  in  the  supply  of  heat  to  the  earth:  is  the 
caose  of  the  aurora  and  earth  currents  and  magnetic  disturbances. 
Again,  it  has  been  suggested  that  the  sun  is  a  magnet,  and  has  a 
direct  magnetic  influence  upon  the  earth,  and  that  these  mag- 
netic storms  may  be  due  to  changes  in  the  earth's  magnetism 
which  are  caused  by  magnetic  changes  in  the  sun.  We  must 
trust  that  future  observations  will  clear  our  ideas  with  regard 
to  earth  currents,  aurorse,  and  magnetic  disturbances. 

Mr.  C.  A.  MoBGAN :  I  have  given  the  question  of  earth  currents 
considerable  attention,  not  only  since  the  great  magnetic  storm 
of  November  last,  but  for  some  years  past.  When  Mr.  C.  F.  Varley 
was  engineer  to  the  Electric  and-  International  Telegraph  Com- 


6a  DIBCUSSIOK.  [Feb.  8tb. 

pany,  I  remember  a  magnetic  storm  stopping  oar  communication. 
That  was  twenty-four  years  ago. 

I  will  not  venture  to  suggest  a  theory  after  what  Professor 
Adams  has  just  said ;  but  it  has  occurred  to  me  that  there  is  a 
little  electrical  instrument  which  I  am  not  aware  has  ever  been 
mentioned  in  this  room  since  earth  currents  have  been  talked 
about  (although  they  were  spoken  about  at  some  of  the  first 
meetings  of  our  Society),  and  that  is  "  Delezenne's  circle,**  which, 
when  revolved  in  such  a  manner  as  to  cut  the  magnetic  lines  of 
force,  gave  readings  upon  a  galvanometer.  During  the  discussion 
on  Mr.  Adams'  last  paper,  Professor  Adams  referred  to  a  remark 
of  Professor  Clerk  Maxwell,  who  said,  that  if  a  wire  was  suspended 
bom  the  poles  to  the  equator  round  the  earth,  a  current  would  be 
obtained  in  that  wire.  Now,  quite  independently  of  that,  as  well 
as  of  the  subsequent  remarks  made  by  Mr.  Banker  on  the  same 
paper,  I  formed  a  theory  in  my  own  mind  which  ^^  Delezenne's 
circle  "  seemed  to  confirm.  It  does  seem  rather  strange  that  the 
general  flow  of  earth  currents,  both  in  England  and  in  India,  are, 
as  a  rule,  in  one  direction.  Schwendler,  in  his  very  instructive 
paper  read  before  the  Asiatic  Society,  shows  that  in  India  the 
bets  are  as  I  state  ;*  and  Professor  Adams  has  just  suggested  the 
conjecture  that  it  may  be  the  result  of  a  flow  of  electricity  passing 
firom  the  equator  to  the  pole  on  the  surfiEu;e  of  the  earth,  or  vice 
veraa^  and  firom  the  equator  through  the  upper  regions  of  the 
atmosphere  back  again. 

In  answer  to  Mr.  Adams,  as  to  the  amount  of  heat  received  by 
the  earth  firom  the  sun,  we  shall  have  to  step  beyond  the  region 
of  telegraphy  to  that  of  physical  geography  and  astronomy. 
Geographers  (Pouillet,  Herschel,  and  Maury)  tell  us  that  the 
amount  of  heat  given  out  by  the  sun  in  one  day  to  the  earth  is 
sufficient  to  raise  a  caldron  of  water  as  large  as  the  Principality  of 
Wales,  and  a  mile  in  height,  firom  the  zero  point  up  to  that  of 
boiling. 

Betuming  to  Professor  Adams'  remark  as  to  the  supposed 
currents  firom  the  equator  to  the  poles,  and  passing  both  in  the 
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lower  and  upper  regions,  it  is  well  known  that  a  very  large 
constituent  of  the  atmosphere,  viz.,  one-fifth,  is  oxygen,  which 
Faraday  demonstrated  to  be  magnetic.  He  has  also  shown  that 
as  the  temperature  of  oxygen  is  raised  its  paramagnetic  force 
diminishes,  being  resumed  as  the  temperature  falls  again.  He 
says :  ^^  These  properties  it  carries  into  the  atmosphere,  so  that 
the  latter  is,  in  reality,  a  magnetic  medium,  ever  varying,  firom 
the  influence  of  natural  circumstances,  in  its  magnetic  power. 
If  a  mass  of  air  be  cooled,  it  becomes  more  paramagnetic;  if 
heated,  it  becomes  less  paramagnetic  (or  diamagnetic),  as  com- 
pared with  the  air  in  a  mean  or  normal  condition."*  The  earth 
revolves  at  a  very  great  speed,  and  the  whole  of  the  atmosphere 
is  influenced  by  its  revolution.  Now,  is  it  possible  that  the 
rotation  which  the  earth  has  is  sufficient  to  cause  these  invisible 
lines  of  force,  which,  with  the  atmosphere,  are  being  acted  upon 
by  the  force  of  gravitation,  to  take  up  a  certain  position  due  to 
part  of  the  atmosphere  being  oxygen,  and  so  forming,  as  it  were, 
a  magnetic  field  which  sets  up  induced  currents  of  electricity  in 
the  wires  ?  When  there  is  no  sim-spot  present  there  is  always  a 
normal  earth  current,  but  when  the  sun-spot  comes  opposite  our 
earth,  and  we  are  in  the  sun-spot  shadow,  then  something  peculiar 
takes  place  by  which  every  telegraph  wire  is  stopped  for  a  time* 
Is  that  caused  by  the  fact  that  the  magnetic  equilibrium,  if  I 
may  term  it,  of  the  earth  is  disturbed,  and  these  lines  of  force, 
which  up  to  that  time  have  behaved  symmetrically,  are,  as  it  were, 
stopped  or  caused  to  deviate,  and,  although  the  earth  continues  its 
previous  motion  with  the  wires  upon  it,  they  cut  other  innumer- 
able lines  of  force  made  by  the  presence  of  the  sun-spot,  and  the 
so-called  earth  current  observed  be  set  up?  It  is  a  fact'  that 
when  a  wire  is  looped  the  deflection  is  lost.  But  it  is  not  neces- 
sary to  make  the  loop  at  both  ends  with  wires  going  geographi- 
cally parallel.  On  the  morning  of  the  first  appearance  of  the 
November  earth  currents,  a  curious  case  came  to  my  notice.  I 
made  a  loop  between  London  and  one  of  the  Liverpool  offices,  and 
told  that  office  to  ^^  loop,"  but  he  did  not  do  so.    I  made  the  loop 
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myself.  Afier  the  cirotdt  had  been  w(»!kmg  for  a  considerable 
time,  laverpool  said  the  earth  currents  had  disappeared :  ^^  Please 
pat  the  wire  straight."  Now,  as  I  had  made  the  loi^  I  replied 
that  it  was  not  necessary  tor  him  to  do  so  at  his  end  (the  earth 
currents  were  as  strong  as  ever).  This  was  on  a  Wheatstone 
circuit,  and,  although  the  two  wires  at  the  distant  end  .were 
making  earth -at  the  earth--plate  common  to  both,  it  made  no 
alteration  upon  our  working  wire.  Working  was  earried.on  in 
one  direction  on  a  Wheatstone  wire  to  Manchester,  unlooped,  and, 
although  the  prevalent  earth  currents  disturbed  many  circuits, 
the  one  I  refer  to  was  able  to  do  good  work. 

I  should  like  to  ask  telegraphers  a  question  that  has  been  put : 
Is  it  possible  in  America,  or  anywhere  else  where  double  current 
telegraphy  is  used,  to  work  a  circuit  duplex  during  the  prevalenoe 
of  earth  currents,  magnetic  storms,  or  sun-spots  ?  The  answer  to 
such,  a  question  would  be  very  interesting.  Some  circuits  did 
actually  work  duplex  on  the  second  day  when  earth  currents 
affected  other  single-working  unlooped  circuits.  This  point  can, 
I  think,  be  explained  by  assuming  that  the  earth  current  obtained 
was  not  stronger  than  the  working  current  which  was  used,  in 
which  case  a  balance  of  the  circuit  might  be  maintained  without 
detriment  to  the  work,  and  I  think,  also,  that  it  is  possible  for 
such  a  circuit  to  be  less  affected  than  a  direct  working  or  single 
circuit  not  using  differential  apparatus. 

I  have  perhaps  gone  out  of  the  way  .in  speaking  of  physical 
geography,  but  I  think  that  this  question  in  particular  can  only 
be  answered  by  physical  geographers;  and  when  it  has  been  before 
our  meetings  much  has  frequently  been  said  of  the  observations 
that  might  be  made  by  telegraphers  to  advance  science  in  generaL 
I  want,  if  I  may  be  allowed,  to.  drop  a  hint  as  to  the  equipment  of 
all  the  observatories  in  the  world,  viz.,  that  every  observatory 
throughout  the  world  (I  believe  it  is  already  the  case. at  Green- 
wich) should  be  supplied  with  a  short  telegraph  line^  and  also,  to 
have,  a  reoording  instrument  showing  the  normal  earth,  cnrtent 
every  day»  It  could  be  done  at  little  expense  compactttively*  In 
certain  parts  of  the  world  the  wire  might  be  laid  along  the  ground, 
at  f>thei:  parts  Jt  might  b<9  suq)encled  on  poles*  a^d  I  believe  by 
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that  means  better  results  might  be  obtaiiied  than  can  possiUy  be 
given  by  telegraphers,  because,  when  the  earth  currents  appear  in 
the  manner  in  which  they  did  the  other  day,  it  is  utterly  im- 
possible for  any  telegrapher  to  give  his  attention  to  a  matter  of 
that  sort  at  busy  stations'. 

Professor  MgLeoo  :  May  I  be  allowed  to  make  a  few  remarks 
with  reference  to  the  theory  of  sun-spots.  The  explanation  that 
we  have  heard  with  regard  to  the  solar  nucleus  being  seen  through 
the  sun-spot  is,  I  think,  one  of  those  old  theories  which  by  this 
time  have  been  almost  exploded.  It  appears  that  these  solar 
spots  are  places  where  the  gases  are  cooler  than  in  other  portions 
of  the  Sim's  photosphere.  In  the  neighbourhood  of  the  spots 
there  is  almost  invariably  seen  a  bright  patch,  caUed  a  iacula, 
which  appears  to  be  an  uprush  of  hot  gases  from  the  neighbour- 
hood of  the  spot.  These  hot  gases,  in  cooling,  descend  and  pro- 
duce  those  phenomena  that  are  called  sun-spots ;  and  on  examining 
the  sun-spot  with  the  spectroscope  we  find  that  the  gas  in  the  spot 
itself  has  a  lower  temperature  than  the  surrounding  atmosphere. 

There  is  one  very  curious  phenomenon  observed  in  the  sun- 
8pot  which  is  not  explained  by  this  theory — I  mean  the  very 
sharp  line  of  demarcation  between  the  nucleus  of  the  spot  and 
the  penumbra.  It  is  very'  difficult  indeed  to  explain  what  is  the 
actual  cause  of  this :  we  cannot  well  say  that  it  is  the  nucleus  of 
the  sun,  because  there  is  no  proof  that  it  is  so,  and  it  is  not  easy 
to  see  how  the  descent  of  cold  gas  will  produce  this  sharp  line  of 
demarcation.  If  the  nucleus  of  the  sun  were  the  cause  of  the 
disturbances  which  manifest  themselves,  they  should  begin  shortly 
after  the  spot  appears  on  the  eastern  limb  of  the  sun,  and  con- 
tinue almost  until  the  spot  disappears  on  the  western  limb.  Mr. 
Whipple;  of  the  Kew  Observatory,  pointed  out  to  me  the  other 
day  the  curious  fact,  that  it  is  only  while  the  sun-spots  are  in  a 
certain  position  that  the  disturbances  take  place :  they  do  not 
take  place  during  the  whole  time  of  the  appearance  of  the  spot, 
but  only  when  the  spot  stands  in  certain  positions  of  the  smt  with 
regard  to  the  earth. 

Now,  the  bcvlad — ^these  bright  spots  which  are  seen  in  the 
neighbourhood  of  the  dark  ones-«-are  shown  to  be  incandescent 
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gases  driven  off  from  the  sun  with  very  great  velocity.  Grases 
have  been  seen  to  be  projected  firom  the  sun  at  the  rate  of  150 
miles  in  a  second;  and  one  can  very  well  understand  that  an 
electrified  body  travelling  at  such  a  rate  towards  the  earth  is  very 
likely,  indeed,  to  produce  some  kind  of  disturbance  in  telegraph 
wires*    I  do  not  say  that  this  is  so,  but  it  is  not  improbable. 

There  was  one  very  remarkable  observation  made  on  Sept.  Ist, 
1859,  by  Mr.  Carrington,  who  was  watching  a  large  solar  spot. 
During  his  observation  two  bright  spots  were  seen  at  the  edges  of 
the  dark  one,  which  were  visible  for  five  minutes,  during  which 
time  they  travelled  35,000  milesr  At  the  same  time  the 
instruments  at  Kew  showed  a  magnetic  disturbance  which  con- 
tinued as  long  as  the  bright  spots  were  visible.  Now  I  think  this 
is  in  itself  almost  sufficient  to  prove  that  the  effect  which  is 
known  on  the  earth  as  earth  currents,  or  magnetic  disturbances, 
is  not  produced  by  the  nucleus  of  the  sun,  but  by  something  above 
the  sur&ce  of  the  photosphere,  for  the  bright  spots  in  Carrington's 
observation  were  above  the  spot,  and  probably  above  the  sutSeu^  of 
the  photosphere. 

Professor  J.  Perry  :  No  work  of  mine  has  been  devoted  to  the 
question  of  the  sun's  static  induction  and  its  effects  since  I  spoke 
here  last  on  the  subject,  in  the  discussion  which  followed  Mr. 
Adams'  second  paper.  My  remarks  may  therefore  be  given  very 
shortly.  I  would  first  call  attention  to  the  fact  which  has  not,  I 
think,  been  sufficiently  recognised  yet  by  the  meeting — that  it  is 
a  very  good  thing  indeed  that  these  earth  currents  should  be 
mapped  out  so  carefully  by  the  only  people,  probably,  who  have  a 
chance  of  doing  it  systematically  and  properly ;  and  I  should  also 
like  to  say  that,  instead  of  one  telegraph  wire  being  put  up  at 
every  observatory,  it  would  be  well  to  have  two  telegraph  wires 
placed  at  right  angles  to  one  another.  The  only  other  remark  I 
woidd  make  is  about  an  inaccuracy  in  Mr.  Adams'  diagram,  which, 
although  probably  of  no  moment  to  ordinary  members  of  the 
meeting,  may  have  some  evil  effect  on  students  and  the  younger 
members.  Leaving  out  of  account  the  consideration  as  to  whether 
it  is  the  dark  nucleus  of  the  sun  or  some  electrical  protuberance 
from  the  sun  which  may  produce  electrical  effects  on  the  earth,  it 
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18  perfectly  certain  that  as  the  figure  is  drawn,  it  is  quite  im- 
possible for  the  exposed  portion  of  nucleus  to  have  a  large  static 
inductive  effect  on  the  earth.  We  all  know  that  any  electrified 
body  is  quite  incapable  of.  influencing  outside  bodies  or  of  being 
influenced  by  them,  if  it  is  covered  by  a  conductor.  The  idea 
involved  in  this  figure  is,  of  course,  that  the  sun  is  surrounded  by 
such  a  conductor,  and  that  in  this  conductor  there  are  spaces. 
It  is  certain  that  if  the  conductor  and  the  nucleus  and  the  space 
were  of  the  proportions  which  we  see  in  the  figure,  the  shading 
action  would  be  almost  perfect  at  a  distance  of  a  million  miles 
firom  the  sim.  We  all  know  that  a  network  of  thin  wire  com- 
pletely protects  the  Thomson  electrometer  firom  the  static  induc- 
tion of  outside  bodies. 

I  have  no  doubt  that  if  the  nucleus  of  the  sun  in  the  figure 
were  made  larger  than  shown,  and  if  the  distance  between  the 
conductor  and  the  nucleus  were  made  very  small,  then  the  nucleus 
at  the  spot  might  have  the  action  or  some  such  action  as  is  spoken 
of.  It  is,  however,  misleading  to  indicate  that  inductive  action 
by  the  dotted  lines  shown  on  the  figure. 

Mr.  C.  A.  Morgan  :  I  intended  that  the  suggestion  I  made 
should  cover  two  telegraph  wires  placed  at  right  angles  to  each 
other,  similar  in  fact  to  the  existing  arrangement  at  Grreenwich. 
The  Astronomer-Eoyal  and  Mr.  Grlaisher  have  called  attention  to 
the  fact  that  the  difference  between  the  deflections  observed  on 
the  declinometer  joined  to  the  Greenwich  and  Croydon  wires  were 
bi  more  interesting  than  observations  recorded  by  the  ordinary 
declinometer,  and  also  on  that  instrument  which  was  joined  to  the 
wire  extending  in  the  other  direction  to  Dartford. 

Mr.  H.  E.  Kempe  :  I  think  it  will  be  generally  admitted  that 
the  more  observations  we  can  get  on  subjects  like  earth  currents 
the  better.  But  I  think  that  it  is  very  necessary  that  the 
observations  be  not  made  in  the  manner  indicated  by  the 
•diagrams  before  us.  I  observe  that  in  all  cases  the  observations 
are  taken  at  definite  intervals  of  time.  Now,  what  proof  have  we 
that,  if  each  observation  were  taken  a  few  minutes  later  than  was 
actually  the  case,  the  shape  of  the  curve  would  not  be  entirely 
altered?      It  seems  to  me  that  the  observations,  to  be  strictly 
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useful,  should  be  taken  by  the  photographic  process  in  which' 
the  curve  is  absolutely  continuous. 

Lieut.  A.  H.  Bagkold,  B.E. :  A  remark  has  been  made  with 
reference  to  Mr.  Adams'  paper,  that  .we  should  study  jAysical 
geography  in  connection  with  storm  currents.  I  wish  to  echo 
that  opinion,  for  I  fancy  that  in  that  paper  and  the  subsequent 
discussion  on  it  we  have  been  endeavouring  to  arrive  at  a  general 
theory  of  storm  currents  frc«n  observations  solely  on  the  telegraph 
lines  of  Grreat  Britain,  whose  climate  is  temperate  and  equable. 

In  1880, 1  had  charge  of  the  telegraph  line  between  Newcastle, 
in  Natal,  and  Pretoria,  in  the  Transvaal,  a  distance  of  200  miles. 
During  the  clear,  dry  winter  months  no  earth  currents  were 
noticeable,  but  during  the  spring  and  summer  months  our  line 
was  generally  unworkable  for  the  best  part  of  three  days  per  week, 
owing  to  the  presence  of  powerful  storm  currents.  These  currents, 
as  a  rule,  accompanied  either  snow,  hail,  wind,  rain,  or  thunder,  or 
some  combination  of  such  storms.  Apart  from  heavy  line 
discharges,  coincident  with  flashes  of  lightning,  the  currents 
varied  in  strength  and  direction  according  to  the  position  and 
distance  of  the  centre  of  atmoq>herio  disturbance,  the  path  of  the 
storm  generally  passing  down  our  line  from  south  to  north. 

Unfortunately,  I  had  no  apparatus  for  electrical  measurement 
other  than  ordinary  detectors,  the  needles  of  which  were  often 
deflected  to  the  full  extent  of  the  scale  for  many  minutes 
together;  and,  as  I  have  stated  in  a  previous  i)aper,  on  <me 
occasion,  during  a  heavy  snowstorm,  the  end  of  the  Newcastle- 
Standerton  wire  (83  miles)  at  Standerton  was,  when  held  in  the 
hand,  so  hot  that  it  had  to  be  dropped. 

Now,  I  have  been  told  that  all  this  was  due  entirely  to  atmos- 
pheric electricity,  and  has  nothing  to  do  with  so-called  earth 
currents.  My  impression  is  that  we  cannot  disconnect  ajtmospheric 
electricity  from  the  electrical  disturbances  on  the  earth's  sorfiAoe ; 
and  I  frmcy  that,  were  we  to  obtain  simultaneous  and  reliable* 
meteorological  and  electrical  reports  from  stations  at  varioas  tuul 
well-selected  points  of  the  globe,  we  should  arrive  at  some  general 
theory  of  the  following  kind : — 

Accounting  for  the  normal  flow  of  electricity  over  the  sur&ee 
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6f  the  earth)  or,  in  other  words,  the  earth's  magnetism,  bj  the 
mere  fisiet  of  its  continuons  revolution  and  ita  exposure  to  the 
radiant  heat  of  the  sim,  it  follows  that  any  climatic  interfierence 
with  that  radiated  heat  will  cause  disturbances  in  the  potential 
of  the  earth. , 

Diurnal  disturbances  would  be  caused  by  diurnal  climatic 
variation,  and  storm  currents  by  extraordinary  variations,  such  as 
the  condensation  and  accumulation  of  enormous  banks  of  clouds. 

Storms  in  the  sun's  atmosphere  must  of  course  interfere  with 
the  radiation  of  the  sun's  heat,  and  therefore  may  rightly  be  con- 
sidered as  one  cause  of  storm  currents. 

If,  however,  it  were  possible  for  us  to  take  up  a  position  mid- 
way in  space,  and  establish  proper  communication,  I  fancy  we 
should  find  that  storm  currents  on  the  earth  would  be  found  to 
be  due  more  to  earth-epata  than  sun-spots. 

Mr.  W.  H.  Preece,  FJB.S. :  The  answer  to  be  given  to  Capt. 
Bagnold  is  simply  to  say  that  we  should  be  only  too  glad  if 
members  of  the  Society  from  other  parts  of  the  world  would 
&vour  us  with  communications  on  this  interesting  subject;  and  I 
think  that  the  phenomena  to  which  he  alludes  are  rather  more 
due  to  atmospheric  electricity  than  to  earth  currents.  We  are 
very  thankful  for  what  we  receive,  and  we  are  very  much  obliged 
to  those  gentlemen  who  have  written  the  papers  read  to-night. 
Two  of  those  papers  were  from  India,  and  I  also  have  received 
a  letter  from  India,  from  Mr.  Luke,  confirming  very  much 
the  observations  made  by  Mr.  Walker,  and  showing  one  fact  to 
which  I  want  to  allude.  You  all  know  that  I  have  devoted  a 
good  deal  of  attention  to  this  subject  of  earth  currents.  It  is 
now  exactly  28  years  since  I  made  my  first  appearance  with  a 
scientific  article.  That  article  was  written  on  ^^  Deflections,"  as 
we  then  called  them,  and  appeared  in  a  magazine  that  was  edited 
lj|y  our  treasurer,  Mr.  Edward  Graves;  and  it  is  singular  that, 
during  the  interval  from  then  (1855)  until  now,  information  or 
knowledge  as  regajxb  earth  currents  has  but  little  advanced. 
Xt^e  facts  that  have  been  particularly  brought  to  o^r  notice  are 
yery  few.  We  kiiow  that  earth  currents  cure  associated  with,  mag- 
neto stoxTPs^  and  in  fact  the  movements  of  the  needles  at  our 
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magnetic  observations  are  a  faithful  record  of  the  earth  currents 
on  our  wires ;  so  accurate  are  they  that  we  can  ahnost  with 
certainty  take  the  indications  of  the  magnets  as  an  indication  of 
what  takes  place  on  the  wires.  Again,  we  know  that  these  cur- 
rents and  storms  are  intimately  associated  with  sun-spots,  so  much 
so  that  those  peculiar  periods  of  maxima  and  minima  that  are 
associated  with  sim-spots  are  equally  associated  with  earth  currents. 
In  the  year  1872  we  had  just  such  a  period  as  we  are  passing 
through  now:  in  the  year  1859-60  we  had  just  such  another. 
Every  1 1  years  or  so  we  have  these  periods  of  maxima,  with  inter- 
mediate periods  of  minima,  and  not  only  is  this  the  case  with  sun- 
spots,  but  with  aurorse,  with  our  own  earth  currents ;  and  some 
people  go  so  fiEur  as  to  say  with  potato  disease,  famines,  etc. 
Again,  there  is  one  very  great  fact  that  is  coming  more  and  more 
into  prominence  now,  owing  to  the  tremendous  and  rapid  exten- 
sion of  telegraphy  all  over  the  world,  and  that  is  that  these 
phenomena  are  not  confined  to  little  places  on  the  earth  like 
England,  Ireland,  and  Scotland,  but  that  they  take  place  simul- 
taneously all  over  the  globe ;  and,  as  Professor  Adams  has  pointed 
out  with  respect  to  magnetic  storms,  so  with  respect  to  earth 
currents.  We  find,  for  instance,  on  November  17th  last,  we  had 
one  of  the  most  terrific  earth-current  storms  that  we  have  ever 
experienced ;  and  we  find  that  it  was  felt  simultaneously  all  over 
the  globe  with  equal  force  and  with  equal  peculiarities :  so  that 
we  may  say  these  effects  are  cosmical,  they  are  simultaneous  all 
over  the  face  of  the  earth,  and  everywhere  they  are  distinguished 
by  precisely  the  same  peculiarities. 

There  can  be  no  doubt,  although  it  has  been  doubted  in  this 
room,  that  there  is  an  intimate  connection  between  sun-spots  and 
earth  currents.  I  have  an  idea  that  I  have  heard  even  Mr.  Adams 
himself  contest  my  theory  on  this  point,  and  I  look  upon  his 
paper  to-night  as  a  species  of  conversion  on  his  part  to  the  views 
that  I  have  so  long  advocated.  The  great  fact  that  taught  me 
the  connection  between  the  two  was  that  mentioned  by  Professor 
McLeod,  viz.,  the  sudden  appearance  in  one  of  those  sun-spots  of 
a  bright  spot  than  ran  across  the  dark  space — an  effect  which  was 
observed  simultaneously  by  two  well-known  astronomers  at  two 


1688.]  DI80U8SION.  61 

different  places.    Professor  McLeod  said,  that  simultaneously  with 
the  passage  of  this  spot  a  disturbance  was  observed  at  Kew ;  so 
also  simultaneously  there  was  a  tremendous  disturbance  of  the 
telegraph  wires,  which  was  noticed  not  only  in  this  country,  but  in 
other  places,  and  in  Norway  the  current  generated  in  the  tele- 
graph wires  was  so  strong  that  it  burst  up  one  of  the  telegraph 
instruments  at  Ghristiania.    The  main  features  that  we  know  I 
have  mentioned,  but  many  more  facts  are  wanted  to  produce  some 
satisfitctory  theory.    It  is  always  very  easy  to  produce  a  theory : 
it  is  very  very  diflScult  to  substantiate  that  theory.    I  have  been 
guilty  myself  of  trying  to  establish  a  theory,  and  have  given  it  up 
in  despair ;  for  the  more  one  tries  to  make  the  theory  agree  with 
facts  observed,  the  more  one  finds  oneself  floundering  in  a  mess. 
There   is  -one  fact  that  is  altogether  to  my  idea  opposed  to 
Professor  Adams'  notion.    He  alluded  to  the  probability  of  there 
being  a  current  flowing  through  the  crust  of  the  earth  and  flowing 
back  through  the  atmosphere ;  but  we  have  one  great  fact  that 
was  brought  most  prominently  before  us  at  the  great  storm  of 
November  1 7th  last,  and  that  was  that  it  was  characterised  by  the 
most  rapid  and  most  wonderful  reversals.     Currents  were  flowing 
in  the  positive  direction,  in  some  places  acquiring  a  strength  of  not 
50  milli-ampdres,  as  Mr.  Adams  mentioned,  but  100  milli-ampdres 
in  strength ;  and  these  powerful  currents  instantly,  in  a  second, 
.were  completely  reversed  in  direction,  not  only  once,  but  many 
times.     To  watch  the  needles  on  that  morning  of  November  17th 
was  excessively  interesting.    It  was  as  though  there  were  tremen- 
dous palpitations  passing  through  the  crust  of  the  earth,  reversing 
each  other  with  wonderful  rapidity,  and  devoid  of  that  steady 
deflection  that  generally  is  characteristic  of  earth  currents.    There 
were  two  or  three  very  interesting  facts  brought  out  in  that  storm, 
but  unfortunately,  as  Mr.  Morgan  pointed  out,  the  attention  of  all 
telegraphists  is  so  wrapped  up  in  their  work  at  the  moment  that 
they  cannot  take  scientific  observations  that  can  be  worked  into 
any  shape  or  form.    I  have  a  pile  of  papers  about  the  storm 
of  November  17th,  but  it  has  been  almost  impossible  to  deduce 
from  these  thousands  of  observations  anjrthing  of  value.    But 
one  peculiar  effect  is  very  interesting.    Two  wires  are  provided 
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£[»:  the  telegraphic  service  between  Londen,  Epsom,  and  Leathet^ 
head :  geographically  they  are  situated  as  shown  below :—  j 

LONDON. 


EPSOM. 
LSATHERHEAO. 

The  earth  currents  were  observed  on  these  two  wires  (Epsom  and 
Leatherhead  being  only  some  six  miles  i^art),  and  the  direction 
of  the  earth  current  on  the  wire  from  Leatherhead  to  London  was 
positive  in  its  direction,  while  qn  the  wire  from  London  to  Epsom 
it  was  exactly  the  opposite,  so  that  we  had,  in  two  wires  runnings 
nearly  parallel  to  each  other,  the  singular  fact  that  the  earth 
current  was  reversed  in  direction.  The  conclusion  one  would  first 
arrive  at  from  this  would  be  that  some  mistake  had  been  made  in 
the  observation ;  that  probably  the  needle  was  reversed,  or  some- 
thing of  that  kind ;  but  the  most  careful  pains  were  taken  to 
verify  the  observation  made  by  Mr.  F.  Morgan,  and  there  is  no 
doubt  that  it  was  strictly  correct.  It  is  very  easily  accounted  for; 
and  the  very  fact  of  its  being  accounted  for  leads  one  to  the  point 
I  want  to  reach,  and  that  is,  how  very  necessary  it  is  to  find  those 
points  where  a  change  of  current  t^es  place.  Epsom  and 
Leatherhead  are  joined  by  a  wire  through  London.  The  current 
would  flow  firom  London  and  go  back,  which  would  show  that  there 
was  a  difference  of  potential  between  the  two  points ;  but  it  is 
necessary  to  account  for  the  fietct  that  the  potential  at  London  is 
less  than  it  is  at  Leatherhead  and  greater  than  it  is  at  Epsom ; 
and  the  result  shows  that  the  line  of  equal  potential  passed  through 
London  between  Epsom  and  Leatherhead,  as  indicated  by  the 
dotted  line.  One  main  fEict  that  I  am  most  anxious  to  get  out  in 
the  observations  of  earth  currents  is,  what  is  the  line  of  least 
disturbance,  and  what  is  the  line  of  greatest  disturbance.  Li  the 
case  I  have  just  mentioned,  that  fact  comes  out,  and  if  it  could  be 
arrived  at  in  other  observations  it  would  be  most  useful.  These 
observations  were  made  about  10  a.m.  on  the  17th  November. 
At  about  4.15  p.m.  on  the  same  day  similar  observations  were 
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made  on  wires,  serving  Brighton,  Exeter,  Swansea,  Liveipool, 
LeecLs,  Colchester,  and  Margate,  and  at  that  time  the  line  of 
maTininTn  cn^ri!ent  had  turned  round  90^,  or  almost  at  right 
angles  to  the  maximuijEi  disturbance  at  10  a.m.  Again,  observa- 
tions mfule  at  Newcastle-on-Tjme,  at  10  p.m.  to  11  p.m.onthe 
same  day,  or  about  twelve  hours  after  the  morning  observations, 
showed  that  the  greatest  disturbance  had  exactly  reversed  itself, 
and  these  results  show  that  at  10  a.m.,  4  p.m«,  and  10  p.m., 
the  line  of  greatest  disturbance  pointed  towards  the  sun^  or  very 
nearly  so.  By  those^  three  observations  we  have  one  great  fact 
hrought  out  which  I  have  so  constantly  urged,  and  that  is  that 
there  is  an  intimate  connection  between  the  direction  of  these 
earth  currents  and  the  direction  of  the  sun.  I  should  like  to  call 
the  attention  of  observers  to  the  necessity  of  great  care  in  record- 
ing the  direction  of  earth  currents.  Suppose  a  station  as  below, 
like  London,  serving  seveml  towns  by.  wires  radiating  from  it,  if 

Lceo3. 


MAMCHESrER. 


BRISTOL. 


OOVEIC 

BRIQHTONt 

observations  are  taken  on  one  wire,  say,  that  serving  Brighton,  the 
customary  plan  is  to  call  that  current  positive  which  is  the  same 
in  direction  as  that  which  would  be  received  from  the  c(^per 
pole  of  a  battery  placed  at  Brighton,  and  it  would  be  in  the 
direction  shown  by  the  arrow,  and  called  by  London  a  positive 
current.  If  a  current  were  also  received  by  London  from  Norwich, 
it  would  go  in  the  direction  shown,  and  would  also  be  called  by 
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London  a  positive  current.  Now,  take  the  Leeds  wire,  and 
suppose  an  observer  receiving  currents  there,  he  would  find  that 
he  got  the  same  current  as  he  would  get  from  the  zinc  pole  of  the 
battery,  and  he  would  call  it  a  negative  current,  and  would  rightly 
indicate  it  so.  Supposing  from  Bristol,  London  had  a  zinc  current, 
and  also  from  Manchester  he  had  a  zinc  culrent,  and  then  from 
Bristol  he  had  the  same,  but  from,  say,  Dover  a  positive  current : 
these  operations  would  sho^  that  there  must  be  a  line  of  least 
disturbance  somewhere  near  that  indicated  by  the  dotted  line; 
but  it  would  also  show  that  the  currents  flowing  north  of  London 
and  south  of  London  were  precisely  the  same  as  regards  direction, 
only  by  the  curious  convention  that  we  have  introduced  in 
telegraphy,  although  the  currents  flow  in  exactly  the  same 
direction  and  are  the  same  currents,  yet  in  the  one  case  we 
call  them  positive,  and  in  the  other  case  we  call  them  negative. 
This  leads  to  a  great  deal  of  conftision.  It  is  a  point  on  which  I 
think,  one  of  these  days,  our  Society  will  have  to  lay  down  some 
rule.  Some  rule  should  be  established  to  indicate  that  earth- 
current  observations  are  positive  with  respect  either  to  the 
equator,  or  to  the  axis  of  the  earth,  or  to  the  meridian,  or 
to  something  quite  independent  of  the  position  in  which 
the  observations  are  made.  For  instance,  if  we  assert  that 
whenever  there  is  a  difference  of  potential  which  shall  be 
higher  to  the  south  than  to  the  north,  it  would  mean  a  current 
would  always  flow  from  the  south  to  the  north  along  the 
meridian  of  Greenwich ;  and,  if  we  laid  down  a  convention  that 
that  should  be  always  positive,  we  might  get  accordant  results.  At 
the  present  moment  there  are  thousands  of  observations  which  I 
have  pored  through  to  no  practical  result  whatever,  because  it  is 
quite  impossible  for  me  to  eliminate  positive  currents  from  the 
negative  currents.  There  are  several  theories  on  this  matter.  I 
have  abandoned  theory  myself,  and  want  facts,  and  if  we  could  only 
induce  other  observatories  besides  Grreenwich  to  have  these  cross 
wires  (or  Grreenwich  having  these  cross  wires),  and  send  their 
observations  here,  we  could  do  a  great  deal  of  good  for  our  service. 
But  the  real  fact  is,  that  Greenwich  has  had  these  cross  wires  for 
he  last  20  years,  and  I  have  never,  neither  do  I  think  there  is  any 
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one  in  this  room  who  has,  gained  one  single  useful  &ct  from  the 
possession  of  those  wires  that  are  maintained  for  the  use  of  Green- 
wich Observatory.  I  have  kept  you  rather  too  long  on  this  point, 
but  I  think  that  if  we  can  only  succeed  in  inducing  telegraphists 
to  make  observations  as  often  as  they  ean,  and  make  them 
accurately ;  if  we  can  induce  Professor  McLeod,  for  instance,  at  the 
East  Indian  College,  Cooper's  Hill,  to  run  cross  wires  and  take 
observations ;  and  induce  Greenwich  to  send  us  their  observations 
— then  I  think  in  another  year  or  two  we  shall  have  reached  the 
region  of  theory  and  be  able  to  promulgate  to  the  world  a  result 
more  than  the  world  knows  now.  It  is  a  remarkable  fact  that  last 
year  there  was  an  o£fshoot  of  the  Congress  of  1881  held  in  Paris. 
One  of  the  subjects  before  it  was  that  of  earth  currents,  and  I  am 
sorry  to  be  obliged  to  announce  here  that,  after  reading  all  the 
discussion  that  took  place  at  that  Congress  on  earth  currents,  I  was 
surprised  to  find  that  there  was  no  one  who  attended  that  Congress 
that  knew  anything  whatever  about  our  present  knowledge  of 
earth  currents. 

Professor  J.  Perbt  :  Might  I  say,  in  connection  with  the  very 
interesting  remarks  made  by  Mr.  Preece,  that  it  would  be  well,  in 
observing  earth  currents,  for  us  to  get,  not  merely  the  current  in 
webers  (or  rather  amperes)  or  milliwebers,  but  the  difference  of 
potential  between  the  two  ends  of  the  wire,  and  a  statement  as  to 
which  is  of  the  higher  potential.  If  we  are  told  that  a  current  is 
50  milliwebers,  we  really  get  no  information  as  to  the  difference 
of  potential  at  the  ends  of  the  wire  unless  the  resistance  of  the 
circuit  is  also  stated.  Now,  I  understand  from  Mr.  Kempe  that 
the  resistances  of  the  circuits  which  are  involved  in  the  statements 
made  to-night  are  really  very  different.  Fifty  milliwebers  in 
one  case  would  be  a  very  different  thing  from  50  milliwebers  in 
another  case.  If  the  differences  of  potential  were  stated  in  volts, 
and  we  were  told  which  of  the  two  places  had  the  higher  potential, 
then  I  think  Mr.  Preece  would  find  that  probably  his  conditions 
would  be  satisfied  as  to  mapping  out  what  occurs  during  a  storm, 
because  then  we  could  draw  the  equipotential  surfaces.  The 
hour  is  very  late,  but  I  should  like  to  ask,  in  regard  to  the  experi- 
ments between  Leatherhead  and  Epsom,  whether  any  other  town 
VOL.  xn.  5 
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was  taken ;  for,  as  London  is  so  close  to  a  large  river,  one  might 
expect  that  any  other  place  along  the  river  would  be  on  the  same 
eqoipotential  line.  For  the  same  reason  I  should  hardly  think 
that  perhaps  Greenwich  or  even  Cooper's  Hill  are  very  good  places 
for  making  these  observations.  I  should  rather  take  Derbyshire^ 
or  some  other  central  part  of  England,  for  my  cross  wires,  not 
near  any  large  river  which  is  likely  to  produce  an  equipotential 
line  in  the  neighbourhood. 

Mr.  C.  E.  Spagnoletti  :  Following  the  remarks  that  have  been 
made  with  regard  to  the  storm  of  November  17th,  I  might  perhaps 
say  a  word  or  two  as  to  that  portion  of  the  country  over  which  I 
have  the  opportunity  of  getting  some  information.  We  found 
that  throughout  the  West  of  England  and  South  Wales  we  had 
the  greatest  magnetic  deflection  or  earth  current  that  we  have 
ever  experienced.  The  telegraphs  on  the  Great  Western  line 
were  entirely  stopped  for  some  time,  and  so  strong  was  the  cur- 
rent that  the  signal  bells,  which  require  a  good  current  to  work 
them,  were  continually  rung,  ^d  not  only  rung  for  a  time,  but ' 
intermittently  for  some  time — that  is,  actual  signals  of  a  certain 
number  of  beats  were  given  most  distinctly,  similar  to  a  telegraph 
signal;  but  as  these  did  not  complete  the  whole  operation  of 
signalling,  no  confusion  arose  therefix)m.  In  one  case,  when  an 
instrument  was  pegged  down,  and  the  first  I  have  heard  of,  the 
battery  current  was  reversed  by  the  strong  earth  current.  Now, 
to  reverse  that  current,  the  potential  of  the  earth  current  must 
have  been  15  to  20  volts,  for  a  12-cell  Daniell  battery  or  it« 
equivalent  is  employed  upon  such  a  circuit,  and  to  reverse  its 
power  must  require  more  than  double  that  amount  6f  current. 
Intermittent-current  instruments — the  one-wire  system— were 
useless  during  the  times  the  deflection  lasted. 

I  have  noticed  in  these  magnetic  storms  that  the  long  circuits, 
as  a  rule,  are  more  affected  than  the  short  ones,  and  that  the  effects 
are  apparent  on  the  long  circuits  after  the  short  circuits  cease  to  be 
affected ;  but  the  limit  I  find  to  that  is  three  or  four  miles.  The 
deflections  were  strong  on  the  17th  and  18th,  and  very  weak  on 
the  19th,  while  they  were  again  strong  on  the  20th.  One  circuit 
running  firom  Beading  to  Birmingham  was  deflected  to  the  right, 
and  one  firom  Reading  to  Swindon  was  also  deflected  to  the  right. 
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but  on  two  other  drcnits,  one  numing  north  and  sonth  and  the 
other  east  and  west,  the  deflections  were  in  a  contrary  direction. 
No  effect  appeared  on  short  circuits  or  junctions  from  the  railway 
into  post  offices,  from  ^  mile  to  |  mile  in  length.  But  I  should 
like  to  know,  if  it  can  be  pointed  out,  how  it  is  that  these  vety  short 
drcnitfi  show  such  results,  because  it  would  seem,  as  Mr.  Preece 
just  now  pointed  out,  that  there  is  a  difference  of  potential  within 
a  few  miles  from  one  place  to  another,  therefore  the  potential  must 
be  varying  all  over  the  surface  of  the  earth  within  one,  two,  or 
three  miles.  The  only  way  I  can  account  for  it  is  that  the  charge 
of  the  earth  is  so  excessively  high  that  its  own  resistance  inter- 
venes  and  splits  the  current,  the  wires  running  parallel  with  the 
flow  of  the  currents  form  simply  additional  channels  for  it  to  flow, 
and  it  divides  itself  in  its  course  over  the  earth  and  any  wires  in 
its  way  capable  of  being  made  use  of,  whether  long  or  short ;  but 
it  would  appear  that  wires  running  at  right  angles  to  the  flow  or 
course  of  the  natural  currents  cause  deflections  in  an  opposite 
direction  to  those  running  parallel.  I  cannot  think  it  possible 
that  the  deflection  is  due  to  difference  of  potential  in  so  short  a 
distance.  I  should  mention  that  so  strong  was  the  current  on  the 
17th  of  November  that  the  paraffin  papers  of  some  lightning  pro- 
tectors were  fased,  and  in  one  case  two  papers  had  accidentally 
been  put  between  the  plates  of  metal,  and  they  were  perforated 
by  the  discharge. 

The  President  :  Gentlemen, — At  our  last  meeting  I  ventured 
an  opinion  that  our  knowledge  of  earth  currents  might  be  greatly 
extended  if  we  could  prevail  on  the  Telegraph  Companies  to  take 
simultaneous  readings,  if  only  for  a  short  time,  on  their  lines 
daily,  and  what  I  have  heard  this  evening  has  much  strengthened 
me  in  that  opinion.  The  time  is  too  £eu:  advanced  for  me  to 
detain  you  to-night  with  any  lengthy  remarks  of  my  own.  Mr. 
Graves,  in  his  paper,  refers  to  tests  made  on  the  1873  cable. 
Perhaps  it  may  be  well  to  mention  that  the  cables  belonging  to 
the  Anglo-American  Telegraph  Company  are  known  by  the  year 
in  which  they  were  laid.  When  their  first  cable  was  laid  in  1866, 
it  was  impossible  to  obtain  any  reliable  data  as  to  the  electrical 
condition  of  the  same  at  the  Heart's  Content  end ;  for  during  the 
whole  of  the  night  a  current  flowed  out  of  that  end  of  the  cable, 
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of  higher  potential  than  that  of  the  hundred  cells  applied  for  the 
msulation  test,  although  at  Valentia  there  were  no  electrical 
disturbances  of  any  kind,  and  consequently  reliable  results  were 
obtained.  At  Valentia  the  weather  was  very  fine,  but  at  Heart's 
Content  very  stormy  with  much  rain.  On  the  following  day  there 
were  no  signs  of  earth  currents  at  either  end,  and  the  repeated 
tests  showed  that  the  disturbed  condition  of  the  Heart's  Content 
end  during  the  previous  evening  had  in  no  way  interfered  with  the 
tests  taken  at  Valentia.  Mr.  Graves  does  not  mention  whether 
those  strong  currents  he  refers  to  were  also  noted  at  the  other 
end  of  the  cable. 

The  Atlantic  cables  are  laid  nearly  due  east  and  west,  and 
they  are  frequently  affected  by  earth  currents,  while  the  cables  of 
the  Brazilian  Submarine  Company  running  nearly  due  north  and 
south  are  seldom  affected,  and  then  but  slightly.  But  there  is  a 
cable,  about  300  miles  in  length,  laid  in  a  north-east  direction, 
which  is  seldom  to  be  found  free  from  very  strong  earth  currents. 

It  is  too  late  to  detain  you  longer :  I  will  therefore  ask  you 
to  express  your  thanks  to  those  gentlemen  who  have  so  kindly 
contributed  the  papers  we  have  heard  this  evening,  and  more 
especially  to  Mr.  Adams,  who  has  gone  so  deeply  into  the  subjects 

This  was  cordially  acknowledged. 

A    ballot    then    took    place,  at  which  the  following    were 

elected : — 

As  Foreign  Members: 

Frank  Del  Plain.     |     A.  J.  Gustin.     |     F.  S.  Van  Valkenburgh. 

As  Aaaodates: 


Douglas  Clavell  Bate. 

George  Chatterton. 

Charles  William  Scott  Crawley. 

Peter  Ennis. 

W.  S.  Furby. 

Ernest  Hand. 

H.  C.  Harold. 

James  Jerritt. 

Gisbert  Kapp. 


Henry  Frederick  William  Lewis. 

Peter  John  Nelson. 

William  Frederick  O'Brien. 

George  Offor. 

Bobert  Rigby. 

Daniel  Sinclair. 

The  Hon.  Howard  Spensley. 

Frank  Tremain. 

Charles  Wapshare. 


The  meeting  then  adjourned  until  Thursday  evening,  February 
22nd,  1883. 
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The  following  letter  has  heen  addressed  by  the  Librarian  to 
the  Local  Honorary  Secretaries,  many  of  whom  have  promised 
assistance.  Presents  of  books  and  pamphlets  have  also  been 
received  from  Berlin,  Bome,  and  Paris : — 

SocnBTT  or  TELseEAPH  Eirenn&BBS  and  of  Elboksioiaks, 

4,  Thb  Sanotuabt,  S.W., 

London, 

January^  1883. 

Deab  Sir, 

In  the  number  of  the  Journal  of  the  Society  which 
has  been  published,  containing  the  Annual  Report  of  the  Council, 
will  also  be  found  a  copy  of  my  Annual  Keport,  to  which  I  beg  to 
draw  your  attention,  especially  to  that  portion  of  it  containing 
the  List  of  Accessions  to  the  Library  during  the  past  year.  A 
perusal  of  this  list  will  show  you  that  I  am  making  strenuous 
efforts  to  complete  the  collection  under  my  charge,  both  as 
regards  the  modem  works  and  those  of  the  older  ones  which  were 
not  in  the  Library. 

I  am  of  opinion  that  the  Library  should  contain  copies  of 
everything  relating  to  our  subject,  not  only  books,  but  pamphlets, 
reports,  manufacturers'  catalogues,  circulars,  and  in  flEMst  every- 
thmg,  however  unimportant  it  may  apparcAtly  be. 

I  am  fairly  able  to  obtain  the  greater  part  of  the  English 
publications  and  the  most  important  foreign  ones,  but  the  foreign 
pamphlets  I  have  great  difficulty  in  securing. 

I  write  therefore  to  ask  for  your  kind  co-operation  and 
assistance  in  the  object  which  I  have  in  view,  by  forwarding  me 
u&y  works  relating  to  our  subject  which  may  come  to  your 
notice.  Li  any  cases  where  you  have  to  purchase  the  works.  I 
would  remit  your  charges. 
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I  may  add,  with  regard  to  the  most  important  books,  that'  I 
usually  receive  notice  of  them  from  our  booksellers,  and  I  would 
not  trouble  you  to  inform  me  of  these ;  my  object  is  more  par- 
ticularly to  obtain  pamphlets  and  the  less  important  publications 
relating  to  our  subject. 

I  am,  dear  Sir, 

Yours  fiuthfully, 

-:  A.  J.  FKOST, 

Librarian, 


The  following  is  a  copy  of  an  autograph  description  of  Reis's 
Telephone,  which  has  been  presented  to  the  library  by  Mr.  Wm. 
Ladd,  Member. 

[Ctopy.]  5/( 

Imbtitut  Gaknixb, 

Fkibdbichsdoef. 

Deab  Sm, 

I  am  very  sorry  not  to  have  been  in  Prancfort  when  you 
were  there  at  Mr.  Albert's,  by  whom  I  have  been  informed  that 
you  have  purchased  one  of  my  newly-invented  instruments 
(telephons),  though  I  will  do  all  in  my  power  to  give  you  the 
most  ample  explanations  on  the  subject.  I  am  sure  that  personal 
communication  would  have  been  preferable,  specially  as  I  was 
told  that  you  will  show  the  apparatus  at  your  next  scientifical 
meeting,  and  thus  introduce  the  apparatus  in  your  country. 

Tunes  and  sounds  of  any  kind  are  only  brought  to  our  con- 
ception by  the  condensations  and  rarefoctions  of  air  or  any  other 
medium  in  which  we  may  find  ourselves.  By  every  condensation 
the  tympanum  of  our  ear  is  pressed  inwards,  by  every  rarefaction 
it  is  pressed  outward,  and  thus  the  tympanum  performs  oscilla- 
tions like  a  pendulum.  The  smaller  or  greater  number  of  the 
oscillations  made  in  a  second  gives  us,  by  help  of  the  small  bones 
in  our  ear  and  the  auditory  nerve,  the  idea  of  a  higher  or  lower 
tune. 

It  was  no  hard  labour,  either  to  imagine  that  any  other 
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membrane  beside  that  of  oar  ear  could  be  thought  to  make 
similar  oscillations,  if  spamied  in  a  proper  manner  and  if  taken  in 
good  proportions,  or  to  make  use  of  these  oscillations  for  the 
interruption  of  a  galvanic  current.  HoweTer,  these  were  the 
principles  which  guided  me  in  my  invention :  they  were  sufficient 
to  induce  me  to  try  the  reproduction  of  tunes  at  any  distance. 
It  would  be  long  to  relate  all  the  fruitless  attempts  I  made 
ontil  I  found  out  the  proportions  of  the  instrument  and  the 
necessary  tension  of  the  membrane.  The  apparatus  you  have 
bought  is  now  what  may  be  found  most  simple,  and  works  without 
&iling  when  arranged  carefully  in  the  following  manner : — 

The  apparatus  consists  of  two  separated  parts,  one  for  the 
singing  station,  A,  and  the.  other  for  the  hearing  station,  B. 

The  apparatus  A  is  a  square  box  of  wood,  the  cover  of  which 
shows  the  membrane,  6,  on  the  outside,  under  glass.    In  the 

middle  of  the  latter  is  fixed  a  small  platina  plate  to  which  a 

• 

flattened  copper  wire  is  soldered,  on  purpose  to  conduct  the 
galvanic  current.  Within  the  circle  you  will  further  remark  two 
screws :  one  of  them  is  terminated  by  a  little  pit  in  which  you 
put  a  little'drop  of  quicksilver,  the  other  i&  pointed*.  The  angle^ 
ihich  you  will  find  lying  on  the  membrane^  is  tO'  be  placed 
according  to  the  letters,  with  the  little  hole  a  on.  the.  point  a, 
the  littlo  platina  foot  6  into  the  quicksilver  sqrew,  the  other 
platina  foot  will  then  come  on  the  platina  plate  in  the  middle. of 
the  membrane. 

The  galvanic  current  coming  from  the  battery  (which  I 
compose  generally  of  three  or  four  good  elements)  is  introduced 
at  the  conducting  screw  near  6,  wherefrom  it  proceeds  to  the 
quicksilver,  the  movable  angle,  the  platina  plate,  and  the  com- 
plementary telegraph  to  the  conducting  screw,  «.  From  here  it 
goes  through  the  conductor  to  the  other  station,  B,  and  from 
there  returns  to  the  battery. 

The  apparatus  B,  a  sonorous  box  on  the  cover  of  which  is 
fixed  the  wire  spiral  with  the  steel  axis,  which  will  be  magnetic 
irhen  the  current  goes  through  the  spiral.  A  second  little  box  is 
fixed  on  the  first  one,  and  laid  down  on  the  steel  axis  to  increase 
the  intensity  of  the  reproduced  sounds.    On  the  small  side  of  the 
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lower  box  you  will  find  the  corresponding*  part  of  the  i 
mentary  telegraph. 

If  a  person  sing  at  the  station  A,  in  the  tube,  Xy  the  yi]| 
of  air  will  pass  into  the  box  and  move  the  membrane . 
thereby  the  platina  foot  c  of  the  movable  angle  will  bei 
up,  and  thus  will  open  the  stream  at  every  condensation  of  i 
the  box.    The  stream  ,nU  be  re-established  at  every  rarefi^ 
Jn  this  manner  the  steel  axis  at  station  B  will  be  magnetic 
for  every  full  vibration,  and,  as  magnetism  never  enters  nor 
a  metal  without  disturbing  the  equiUbrium  of  the  ato; 
steel  axis  at  station  B  must  repeat  the  vibrations  at  stati< 
and  then  reproduce  the  sounds  which  caused  them.    Any 
will  be  reproduced  if  strong  enough  to  set  the  membran^ 
motion.  J 

The  little  telegraph  which  you  find  on  the  side    of  | 
apparatus  is  very  useful  and  agreeable  for  to  give  signals  beti^ 
both  of  the  correspondents.    At  evety  opening  of  the  stream,  1 
next  following  shutting,  the  station  A  will  hear  a  little 
produced  by  the  attraction  of  the  steel  spring.    Another 
ckp  will  be  heard  at  station  B  in  the  wire  spiral.    By  multipl; 
the  claps  and  producing  them  in  different  measures,  you  will 
able,  as  well  as  I  am,  to  get  understood  by  your  correspondent.^ 

I  am  to  end,  Sir,  and  I  hope  that  what  I  said  will  be  suffici^ 
to  have  a  first  try ;  afterwards  you  will  get  on  quite  alone.         \ 

I  am.  Sir,  i 

Your  most  obedient  servant, 

PH.  REIS.  * 

PBIIDBIOHtDOXP,  18/7/88. 

To  Mr.  WiLLiAU  Laj>d. 


Fac  Simile  Copy, of  Reis's  Sketch 


7^ 


Ir^ 
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cap.  66),  and  the  rules  issued  under  the  Act,  with  short  explanatory 
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MAaCSL   DSPBEZ— LAW    OF   YABIATION    OF   E.M.F.   OF    A 
MAGNETO  MACHINE  WITH  THE  EXTERNAL  RESISTANCE. 

(Comptw  Rendui,  Tome  94,  No.  24,  June  12, 1882,  pp,  1586-1589.) 

Whilst  prosecating  his  researches  on  the  "characteristic"  of  varions 
dynamo  machines,  the  author  was  strack  by  the  fact  that  the  E.M.F.  produced 
in  the  ring  of  these  machines,  instead  of  increasing  continually  with  the 
strength  of  the  current  circulating  in  the  electro-magnets,  ends  by  decreasing 
yery  considerably,  whilst  the  current  still  continues  to  increase. 

This  observation  led  the  author  to  the  conclusion  that  the  EJSf.F.  produced 
by  a  machine  with  permanent  magnets  is  not  a  constant  quantity  for  each 
speed,  as  has  been  generally  assumed,  but  that  it  is  a  ftmction  of  the  current 
generated  in  the  helix. 

He  put  his  theory  to  the  test  by  experimenting  with  a  Gramme  electro- 
plating machine,  the  electro-magnets  of  which  were  separately  excited,  and 
the  external  resistance  in  circuit  varied.  From  the  predetermined  "  charac- 
teristic "  of  the  machine,  it  was  known  that  the  electro-magnets  were  saturated 
when  a  current  of  85  amperes  circulated  in  their  coils,  and,  in  order  that  they 
might  be  as  strongly  magnetised  as  possible,  a  current  of  80  amperes  was 
passed  through  them.  The  speed  of  the  machine  was  kept  sensibly  constant, 
varylDg  in  the  first  series  of  experiments  from  2,481  to  2,420  revolutions  per 
minute ;  the  total  resistance  of  the  ring  and  external  circuit  was  varied  by 
small  quantities  at  a  time,  from  3712  ohms  to  0*187  ohms,  there  beiog  seven- 
teen observations  in  all.  The  current,  which  varied  from  8  amperes  to 
116*2  amperes,  was  measured  on  a  Deprez  galvanometer,  and  the  E.M J*,  was 
calculated  by  the  formula  E  —  IR.  With  a  resistance  varying  from  3'712  ohms 
to  0*871  ohms,  the  current  increased  from  8  to  76*8  amperes,  but  the  KM.P. 
remained  at  about  29  or  28  volts;  with  0*278  ohms,  the  current  increased  to  an 
average  of  90  amperes,  while  the  EMJF,  dropped  to  25  volts ;  with  0-187  ohms^ 
the  current  was  115*2  amperes  and  the  E.M.F.  21*54  volts. 

In  a  second  series  of  observations  the  speed  was  kept  near  2,100  revolu- 
tions per  minute,  the  greatest  yariation  being  28  revolutions.  The  resistance 
in  circuit  was  varied  by  twenty -five  successive  changes,  and  from  11*482  ohms 
to  0  653  ohms  the  E  Ji.F.  was  about  29  to  80  volts,  while  the  current  increased 
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from  2*6  amperes  to  43*8  amperes.    The  last  leyen  observationi  are  tabulated 
below,  and  show  the  marked  fklling-off  in  the  E Ji J*. :— 


BpSOd* 

BMittanoe. 

fllhtna, 

Onrrent. 
AnptarM. 

B.lf.F. 
Yolts. 

2,897 

0465 

59-20 

27-53 

>f 

0-278 

88*80 

24-69 

»» 

0-187 

122-40 

22-89 

9» 

0-166 

184-40 

20*97 

n 

0140 

141*60 

19-82 

» 

0-131 

144-00 

18*86 

M 

0O93 

168-00 

16*62 

A  third  series  of  experiments  was  made  with  a  d3mamo^lectric  machine, 
the  electro-magnets  of  which  were  separately  excited  by  a  current  of  10-6 
amperes,  by  which  they  were  not  nearly  saturated.  The  values  obtained  show 
that  the  decrease  of  the  EJtf.F.  is  still  more  marked  in  this  case  where  the 
magnetic  field  is  not  a  powerful  one.  The  last  five  observations  may  serve  as 
example :— 


Speed. 

Retistanee. 
Ohms. 

Onnent. 
Amperes. 

S.V.F. 
Yolto. 

2,805 

0*595 

40-8 

24-28 

n 

0-484 

48-6 

21*09 

M 

0-288 

58-8 

16-93 

n 

0*132 

76-8 

10-14 

»» 

0050 

84-Q 

4-20 

The  author  considers  that  the  phenomenon  may  be  explained  thus  :— 

If  the  current  circulates  in  the  helix  alone,  this  will  become  a  powerftil 
magnet,  and  the  line  joining  its  two  poles  will  coincide  with  the  diameter 
pasting  through  the  points  of  contact  of  the  brushes  with  the  commutator. 

If  the  current  circulates  in  the  electro-magnets  alone,  the  line  joining  the 
poles  of  the  helix  will  coincide  with  the  line  joining  the  poles  of  the  electro- 
magnets. 

When  the  current  circulates,  therefore,  both  in  the  h^ix  and  in  the  electro- 
magnets, the  line  joining  the  poles  of  the  former  will  occupy  an  intermediate 
position,  which  may  be  determined  by  a  construction  similar  to  that  of  the 
parallelogram  of  forces.  It  is  easy  to  see  that  the  line  joining  the  poles  of  the 
helix  approaches  more  nearly  to  the  line  joining  the  brushes,  the  stronger  the 
current  is ;  whilst  the  maximum  difference  of  potential  between  the  two  brushes 
corresponds  to  the  case  where  the  line  joining  the  poles  of  the  helix  is  perpen- 
dicular to  the  diameter  drawn  through  the  brushes. 

This  may  be  put  into  other  words — i^.,  in  proportion  as  the  current  circu- 
lating in  the  helix  increases,  the  wires  of  the  helix  cut  the  lines  of  force  of  the 
magnetic  field  between  the  pole-pieces  and  the  helix  at  an  angle  diflPering  more 
and  more  from  90**,  which  is  the  angle  corresponding  to  a  maximum  E.M J". 

The  author  is  of  opinion  that  this  def<Bct  may  in  part  be  got  over  by 
employing  (1st)  very  powerful  electro-magnets,  wound  with  a  small  quantity 
of  wire,  and  (2nd)  movable  brush-holders. 
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JAKZH  AVB  MAJramrBZEB— THE  GUBBENT  OF  BEACTION  IN 

THE  ELECTBIC  ABC. 

{Comptei  Bendui,  Tome  94,  No.  15,  June  19, 1882,  pp.  1616-1619.) 

The  alternating  currents  produced  by  a  lelf -exciting  Gramme  tinar.hfn^  are 
exactly  equal,  and  therefore  do  not  decompose  water,  nor  cause  any  deflection 
on  a  tangent  galvanometer.  This  exact  balance  of  effects  still  continues  when 
one  or  more  arc  lamps  are  introduced  into  the  circuity  provided  always  that  the 
two  carbons  are  equal  in  size,  equally  heated,  and  placed  in  similar  positions. 

On  introducing  eight  or  ten  Bunsen  cells  into  the  circuity  when  the  machine 
is  at  rest,  the  tangent  galvanometer  will  show  a  deflection  8,  and  when  the 
machine  is  at  work  a  deflection  9',  equal  to  8;  thus  in  three  experiments  it  was 
found  that 

8 -82,  a'- 88; 

8 -.88,  a'- 8845; 

8-88,  a'- 84-10. 

It  is  thus  proved  that  the  resistance  of  the  machine  to  an  external  current  does 
not  vary,  whether  the  machine  is  working  or  not«  and  that  the  two  effects  of 
the  machine  and  battery  are  independent  and  concurrent. 

If,  now,  the  current  of  the  battery  be  interrupted  and  an  arc  lamp  placed  in 
the  machine  circuit,  with  unequal  carbons,  say,  4  mm.  and  2  mm.,  a  permanent 
deflection  is  produced  on  the  galvanometer,  showing  that  the  two  systems  of 
alternating  currents  are  no  longer  equal,  but  that  one  has  the  preponderance, 
viz.,  that  one  which  goes  from  the  larger  carbon  to  the  smaller,  or,  what  is  the 
same  thing,  from  the  cooler  carbon  to  the  hotter.  The  galvanometer  shows  a 
differential  current,  which  attains  its  maximum  when  one  carbon  is  a  large 
block  and  the  other  a  thin  pencil.  The  same  effect  is  produced  when  a  carbon 
is  used  as  one  electrode  of  the  lamp  and  a  metal  as  the  other,  and  in  this  case 
the  strength  of  the  differential  current  depends  on  the  nature  of  the  metal 
used.  It  was  also  observed  that  the  current  was  small  or  nil  for  a  short  arc, 
but  increased  with  the  length  of  the  latter. 

The  deflection  depends  upon,  Ist,  the  mean  £  Jf  .F.  of  the  differential  current ; 
2nd,  the  resistance  introduced  into  the  circuit  by  the  arc.  Suppose  that  a 
battery  of  n  elements  is  inserted  in  the  circuit,  with  an  EJSfJ*.  —  nA, 
accordingly  as  the  current  of  the  battery  is  in  the  same  direction  as  the 
differential  current  or  opposed  to  it,  we  shall  have 

_      s  +  nA    _.,        0  —  tiA 
K       »  *  B 

When  SB  is  greater  than  n  A,  the  two  deflections  have  the  same  sign,  and 

I  •  -f  nA   ^  K-f  1. 

T  "^"a  — nA  •••"'^'^K^ri' 

if  0  is  less  than  n  A,  the  deflections  are  in  opposite  directions,  and 

—  I      ^"nA  — s***      *^  K+1' 
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In  the  actual  experiments  new  Bansen  cells  were  nsed,  and  the  following 
figures  give  the  yalue  in  bansens  of  the  EJi J*.  0  of  the  differential  cnrrent 
^with  different  metals  for  one  electrode :— lead,  2*6;  iron,  8*2;  carbon,  5; 
copper,  (0-6 ;  zinc,  6G-2 ;  mercury,  1087. 
The  resistance  can  be  found  thus : 

_      _       2nA      „       2nA 


The  total  resistance,  B,  is  made  up  of^  Ist,  the  resistance  of  the  machine  ; 
2nd,  the  resistance  of  the  battery ;  Srd,  the  resistance  of  the  arc ;  and  as  1st 
and  2nd  are  constant^  it  is  only  the  resistance  of  the  arc  which  can  vary ;  and 
from  the  aboye  formula  the  less  the  value  of  I  -»  T,  the  greater  the  resistance. 

The  differential  current  can  only  be  explained  in  two  ways,  either  by  a 
difference  in  the  resistance  of  the  arc,  or  by  an  inequality  in  the  inverse 
reactions  of  the  arc  in  one  or  the  other  direction. 

To  test  if  the  resistance  of  the  arc  changed  with  the  direction  of  the 
current^  a  continuous^urrent  dynamO  was  employed  to  produce  an  arc  between 
a  carbon  point  and  a  surface  of  mercury ;  but  on  changing  the  direction  of  the 
current  no  difference  was  observed  in  the  deflection  of  a  galvanometer  in  a 
shunt  circuit.  It  was,  however,  observed  that,  when  the  current  passed  from 
the  mercury  to  the  carbon,  the  arc  was  green,  whilst  in  the  inverse  direction 
the  arc  was  red;  with  an  alternating  Gramme  machine,  however,  the  arc 
was  greenish,  showing  the  preponderance  of  the  system  of  currents  passing 
from  the  mercury  to  the  carbon  over; those  in  the  opposite  direction ;  and  as 
there  was  no  difference  in  the  resistance  of  the  arc,  the  cause  of  the  differential 
current  must  be  looked  for  in  a  property  peculiar  to  alternating  currents. 

This  property  may  be  explained.    An  original  current  f ^),  at  first  very 

weak,  gradually  increases,  and,  when  it  ceases,  causes  an  inverse  reaction 

f^ )>  which  is  added  to  the  current  (^ )  produced  by  the  machine  at 

^e  same  moment.    If,  then,  one  of  the  systems  of  current  (say, ^^  offers 

a  weaker  reaction  than  the  opposed  system  (^ ),  it  will  be  less  weakened 

and  more  strongly  reinforced,  and  will  determine  the  direction  of  the  differ- 
ential  current. 

Whatever  may  be  the  explanation,  it  is  anyhow  certain  that  in  the  case  of 
mercury  one  of  the  systems  is  considerably  weakened,  and  that  the  other 
system  consists  of  successive  currents  of  greater  intensity  and  duration.  The 
action  of  an  alternating  machine  with  such  an  arc  between  a  carbon  and  a 
mercury  surface  in  the  circuit  will  be  completely  changed,  and  it  will  act  as  a 
continuous-current  dynamo,  and  can  be  used  to  decompose  water,  magnetise 
iron,  deposit  metals,  or  transport  energy;  and  thus,  by  introducing  one  or 
more  arcs  between  carbon  points  and  a  vessel  of  mercury,  the  commutator 
usually  provided  can  be  dispensed  with. 
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(Giiiyte  SiMfatf,  Tom  9S,  JSp.  15,  OcMir  9^  lan^jy.  04,  CSS.) 

The  ptment  metlmd  diflien  from  Dr.  Joole*t  rilwitliii  method  in  not 
inK-cmHatiiig  the  meMnroMnt  of  any  qonntity  of  hent»  nor  the  knowledge  of 
the  exaet  Tmloe  of  J. 

The  wire,  the  renitnnee^  r,  of  which  is  to  be  determined,  is  plnced  in  a 
vemel  ananged  as  a  calorimeter  in  an  encloenre  at  a  eonctant  temperatore. 
A  cnrranty  the  intensity,  t,  of  which  is  meaiimud,  b  pasmd  thioogh  the  wire, 
and  is  eontinned  vntil,  owing  to  the  heat  given  off  bj  the  wire,  the  yessel  has 
reached  a  stationary  temperatoie;  this  point  can  be  determined  by  a  Tery 
delicate  thermoooope  placed  in  the  TesseL  The  cnrrent  is  then  intermpted, 
and  a  motor  is  srt  to  wori^  which  cspms  a  mbbing  inside  the  tcokI  containing 
the  wire.  TheheatioodQcedbythefrictionisthassabstitatedfor  that  before 
given  oat  by  the  wire.  The  frictioii  Is  oootanned  vntil  the  same  stationary 
point  of  temperatore  is  reached  as  befrae.  If,  then,  W  is  the  woi^  expended  in 
friction,  we  have  W  ->  W ,  whence  r  can  be  determined.  In  practice  it  might 
be  more  convenient,  first,  to  produce  a  stationary  temperature  by  the  friction, 
and  then  to  reproduce  it  by  changing  the  value  of  «.  The  author  claims  that 
his  method  has  the  advantage  of  not  requiring  the  determination  of  the  actual 
quantities  of  heat  given  out,  as  does  Joule's  method,  since  the  work,  W,  and  the 
electrical  energy,  rP ,  are  both  expended  in  the  same 
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The  system  can  be  adapted  either  to  ordinary  tracks  vrith  raised  rail% 
or  to  tramways  having  the  rails  level  vrith  the  road.  The  conductor  oonsiBti 
of  an  insulated  irire  running  along  by  the  side  of  the  rail,  and  flwtened  by  iron 
bands  to  the  underside  of  a  continuous  wooden  batten ;  the  wire  and  batten  are 
supported  by  iron  brackets  bolted  to  the  side  of  the  rail,  preferably  at  the 
joints,  so  that  the  bracket  may  also  serve  as  fish-plate,  on  one  side  at  least. 
The  insulated  wire  is  cut  up  into  sections  of  convenient  length,  say,  60  yards, 
and  the  ends,  freed  from  the  inimlating  material,  project  in  the  form  of  loops 
through  holes  bored  for  the  purpose  in  the  wooden  batten,  and  are  laid  in 
grooves  in  its  upper  surface.  Along  the  whole  length  of  the  batten  are  laid 
thin  strips  of  steel,  which  are  in  electrical  contact  with  the  tumed-up  ends  of 
the  insulated  wire,  but  separated  from  each  other  by  a  small  spacei,  which, 
however,  is  not  so  long  but  that  one  of  the  two  contact-wheels  attached  to  the 
carriage  is  always  in  contact  with  one  length  of  steel  stripy  and  the  current  is 
therefore  never  interrupted.  The  return  is  completed  as  usual  through  the 
lef t-hand  rail. 

For  tramirays  much  the  same  arrangement  is  adopted,  but  the  infui^t^ 
wire  is  laid  in  a  channel  cut  in  the  top  of  the  longitudinal  wooden  sleepen 
under  the  rail,  with  the  successive  lengths  of  which  it  is  put  in  connection  by 
^ans  to  those  already  described. 
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The  One  Hundred  and  Nineteenth  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25y  Great  George  Street,  Westminster,  on  Thursday, 
February  22nd,  1883 — ^Mr.  Willoughby  Smpth,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
Thursday,  February  8th,  1883,  were  read  and  confirmed,  and  the 
names  of  transfers  and  new  candidates  were  announced  and  sus- 
pended. 

Donations  to  the  Society's  Library  were  announced  as  having 
been  received  from  the  following  gentlemen : — ^laeut.  Arthur  H. 
Bagnold,  B.E.,  Mr.  J.  Angelo  Fahie,  M.  N.  de  Kabath,  Dr.  Donato 
Tommasi,  Messrs.  Friedrich  Vieweg  and  Sohn. 

A  vote  of  thanks  was  accorded  the  donors. 

The  President  :  Owing  to  the  long,  and,  I  must  say,  interest- 
ing discussion  which  took  place  at  our  last  meeting,  the  hour  was 
too  £Eur  advanced  to  allow  Mr.  A.  J.  S.  Adams  to  reply.  Therefore, 
before  entering  into  the  special  business  of  this  evening,  I  will 
ask  him  to  fiivour  us  with  any  remarks  he  may  have  to  make. 

Mr.  A.  J.  S.  Adams  :  In  referring  to  the  sun's  heat  and  light 

forces,  I  had  no  wish  to  dogmatise  opinions*  of  my  own,  but  rather 

to  suggest  wherein,  as  appeared  to  me,  lay  the  first  causes  for 

these  electrical  storms,  and  to  call  forth  information  from  those 
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who,  by  reason  of  adTantageous  position,  rare  opportunity,  and 
the  splendid  means  at  their  disposal,  are  well  qualified  to  give  it. 

Little  information  was  forthcoming  as  regards  the  son, 
however,  except  an  admission  of  the  fiict  pointed  oat  in  my 
paper,  that  the  position  of  solar  spots  upon  the  snn's  bee  really 
does  influence  these  electric  storms. 

From  the  general  tone  of  the  discussion,  it  seemed  that  my 
having  introduced  the  sun's  physical  constitution  into  the  question 
was  considered  to  be  in  bad  taste,  but  surely,  to  be  logical,  f 
these  electric  storms  are  referable  to  the  solar  orb,  we  must  seek 
in  the  condition  of  the  sun  for  their  causation.  This  I  sought 
to  do,  although  the  hypothesis  suggested  met  with  opposition. 

It  is  doubtfdl  if  there  is  a  scientist — ^notwithstanding  the 
theory  recently  advanced  by  one  of  the  great  thinkers  of  the  day 
(I  refer  to  Dr.  C.  W.  Siemens) — ^who  would  record  an  opinion 
that  the  sun's  light  and  heat  were  produced  by  combustion,  and 
yet  the  hypothesis  I  advanced  renders  combustion  unnecessary. 
But  the  opposition  experienced  by  what  I  advanced  with  regard 
to  the  sun's  nature  arose,  probably,  by  reason  of  a  widely  different 
point  of  view  it  may  be  my  misfortune  to  take,  as  against  that  of 
the  gentlemen  who  took  part  in  the  discussion. 

The  effect  of  one  heavenly  body  upon  another  is  sought  to 
be  accounted  for  by  calculations  based  upon  the  elements  of 
mass,  distance,  and  static  charge,  or  electrical  quantity,  but  it 
seemed  to  me  that  those  elements  failed  to  account  fo^  the 
observed  eff*ects,  and  that  a  further  element  was  wanted.  My 
mind  has  long  pictured  matter  as  being  resolvable  into  ultimate 
units  of  like  nature,  each  unit  revolving  about  its  axis,  and  that 
that  motion  constitutes  what  we  term  electricity ;  the  polarisation 
consequent  upon  that  motion  being  considered  to  be  the  eff(ect  to 
which  we  give  the  name  of  magnetism.  My  mind  pictures  the 
heavenly  bodies  as  simply  rotary,  and  hence  polarised,  accu- 
mulations or  agglomerations  of  rotary  units,  by  reason  of  which 
they  became  themselves  endowed  with  the  attributes  of  magnetic 
and  inducive  forces ;  and  here  is  the  point  of  variance.  Many 
are  no  better  able  to  understand  than  myself  how  the  tact  of 
limple  static  charge  can  account  for  these  electric  disturbances ; 
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bnt  I  bring  into  the  question  the  force  of  polarisation  in  addition 
to  mere  mass,  distance,  and  charge,  and  thus,  in  referring  to  the 
sun's  atmosphere  as  cutting  lines  of  force  thrown  out  by  the 
nucleus,  it  was  to  the  lines  of  force  due  to  polarisation  rather  than 
to  simple  induction  due  to  quantative  or  static  charge. 

Professor  Adams  took  exception  to  this  hypothesis,  in  that 
any  electrical  condition  of  the  nucleus  would  be  imparted  to  the 
sun's  atmosphere,  and  that  we  should  thus,  after  all,  have  to  deal 
with  the  sun's  atmosphere  as  the  prime  factor.  But  I  failed  to 
learn  whether  such  impartation  was  by  conduction  or  induction. 
If  the  former,  by  what  means  is  conduction  between  the  sun's 
nucleus  and  atmosphere  effected  ?  If  by  induction,  then  I  claim 
the  point  in  my  favour.  A  misapprehension  seems  to  have  arisen, 
by  which  my  paper  was  misunderstood  to  say,  that  the  sun's 
nucleus  was  only  visible  through  the  opening  some  six  days  after 
the  first  appearance  of  the  spot  upon  the  eastern  limb.  My 
paper,  I  trust,  says  nothing  of  the  kind ;  indeed,  I  am  not  aware 
that  the  nucleus  is  visible  under  any  possible  circumstances.  My 
suggestion  was,  that  it  appeared  from  observation  probable  that 
only  when  the  exposed  portion — electrically,  not  visually  exposed — 
of  the  nucleus  was  in  a  line  with  the  earth  through  the  opening 
in  his  atmosphere  that  these  storms  were  felt. 

Another  difficulty  in  the  way  of  my  hypothesis  was  stated  to 
be  the  fact  that  less  heat  was  received  from  the  sim  during  the 
presence  of  solar  spots  than  at  other  times,  and  that  hence  we 
should  look  to  thermal  causation  for  electric  storms.  But,  if  I 
mistake  not,  the  loss  of  heat  due  to  solar  spots  is  so  slight  as  to 
amoimt  only  to  a  matter  of  fact,  and  to  be  quite  inadequate  to 
the  production  of  these  disturbances,  whilst  the  fact  that  a  varia- 
tion in  the  sun's  heat  will  affect  the  earth  aa  a  whole  is  not 
calculated  to  produce  thermal-electro  disturbances.  I,  however, 
lay  claim  to  the  loss  of  heat  during  a  sun*spot  as  corollary 
evidence  in  my  favour,  insomuch  that  the  lines  of  force  thrown 
into  space  through  the  opening  in  the  sun's  atmosphere  must  be 
lost  to  that  atmosphere  as  light  and  heat  producers. 

I  am  obliged  to  Professor  Perry  for  his  observations  in 
reference  to  my  diagram  of  the  sun ;  I  would,  however,  point  out 
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that  the  diagram^  if  proportioned,  would  have  defeated  its  object, 
which  was  to  illustrate  an  idea,  and  not  to  give  a  lesson  in 
astronomy. 

Much  was  sought  to  be  made  of  physical  geography  in  the 
discussion,  and  rightly,  when  we  remember  that  the  earth, 
although  a  container,  is  not  necessarily  a  conductor  of  electricity, 
and  that  the  earth's  moisture  plays  a  part  in  relation  to  the 
effects  under  discussion;  still,  physical  geography  and  physical 
effects  are  one  thing — ^physical  geography  and  first  cause  are  quite 
another.  I  have  to  thank  the  members  for  the  kindness  with 
which  my  paper  was  received,  and  for  the  remarks  made  upon  it. 

The  following  paper  was  then  read :— - 

ON  THE  MEASUREMENT  OF  ELECTRICITY  FOR 

COMMERCIAL  PURPOSES. 

By  James  N.  Shoolbred,  B^., 
Mem.  Inst.  C.E.  and  Soc.  Tel.  Engrs. 

The  present  remarks  are  intended  to  deal  more  especially  with 
the  commercial  question,  raised  by  what  is  termed  the  ^^  supply 
of  electricity,**  in  the  Electric  Lighting  Act,  1882;  the  objects 
of  such  supply  being  more  particularly  lighting  for  public  and 
private  purposes,  and  the  transmission  of  power.  All  these 
require  electric  currents  of  such  magnitude  as  are  generally 
produced  by  dynamo  machines.  To  such  branches  of  the  subject 
as  telegraphy  and  telephony,  excepting  in  the  general  principles 
common  to  electric  currents,  the  scope  of  the  paper,  and  especially 
the  special  form  of  the  various  apparatus  described,  will  but  in- 
directly apply.  The  remarks  must,  in  £Gtct,  be  taken  as  mainly 
referring  to  an  electric  supply  by  mechanically-generated  induc- 
tion currents. 

The  basis  and  principle  upon  which  rests  this  mode  of  pro- 
ducing electricity  is  the  conversion  of  mechanical  into  electrical 
energy.  Any  exact  financial  evaluation  of  the  conmiodity  pro- 
duced and  offered  for  sale  involves  a  knowledge,  by  measurement, 
of  the  amount  of  this  energy ;  not  merely  of  the  electrical  energy 
as  offered  to  the  customer,  but  also  of  the  mechanical,  which  is 
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expexi4ed  and  absorbed  in  such  offer.  The  former  is  a  question 
mainly  for  the  consumer^  the  latter  for  the  producer;  who  must, 
however,  check  the  two  together  to  enable  him  to  arrive  at  the 
fiair  marketable  value  of  the  supply  which  is  offered  for  sale. 

In  most  cases  the  evaluation  of  the  mechanical  energy  ex- 
pended resolves  itself  into  coal,  wages,  engine-room  expenses, 
outside  working  and  collection  charges,  interest  on  capital 
expended,  and  depreciation  on  plant  employed;  but  chiefly  on 
the  two  first  named  items— coal  and  wages. 

It  is  not  intended  in  these  remarks  to  deal  with  this  portion 
of  the  subject,  which  is  one  of  statistics ;  but  with  the  more 
pertinent  one,  to  this  Society  at  least,  of  how  to  measure  and 
value  the  electrical  product  resulting  firom  the  above  expenditure. 
Before  dismissing  the  former,  the  mechanical  branch  of  the 
subject,  it  may  be  well  to  advert  to  the  similarity,  in  most  cases, 
and  taken  broadly,  in  the  nature  of  the  conditions  of  manufacture 
and  of  supply  of  electricity  and  of  gas,  both  for  illumination  and 
for  power. 

Each  starts  with  coal,  the  energy  of  which  it  transforms  into 
a  commodity  for  the  purposes  just  named ;  and  it  is  in  the  process 
of  transformation,  in  the  nature  and  costliness  of  the  intermediate 
operations,  and  in  the  amount  and  value  of  the  plant  and  working 
expenses  involved  in  each  system  respectively,  that  the  main 
commercial  difference  between  the  two  must  exist.  Iron  forms  a 
large  part  of  the  material  of  the  plant  necessary  in  both,  and  coal 
and  wages,  subject  to  the  same  conditions  and  variations,  form 
the  main  bulk  of  the  working  expenses  of  the  two  systems* 

This  similarity  in  objects  and  in  operations  is  here  referred  to, 
in  order  to  point  out  that,  as  it  is  by  the  careful  experience  of 
more  than  half  a  century  the  conditions,  both  legal  and  social, 
have  been  ascertained  for  the  supply  of  gas  (and  also,  it  should  be 
added,  of  water),  it  need  not,  therefore,  be  surprising  if  some  of 
these  conditions,  stamped  with  the  seal  of  every-day  practice, 
should  be  found  to  adapt  themselves,  or  to  be  worth  while  taking 
into  consideration,  in  the  case  of  electricity;  the  differences  in 
the  processes  of  production,  and  of  the  products  themselves,  being 
always  remembered. 
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The  evaluation  of  the  electrical  energy  of  the  supply  depends 
upon  the  exact  measurement  of  two  feictors— the  amount  of  the 
supply  and  the  pressure  under  which  it  is  given;  or,  in  other 
words,  the  quantity  of  the  current,  and  the  difference  of  potential 
(or  electro-motive  force)  which  the  consimier  is  able  to  avail  him- 
self of, 

As  there  appears  to  exist  a  misconception,  in  some  quarters,  as 
to  the  exact  terms  in  which  the  various  electrical  units  have  been 
.  defined,  and  the  precise  duty  of  each,  more  especially  as  to  the 
**  ampere  "  and  the  "  coulomb  **  (for  each  of  which  the  term  "  weber  " 
was  formerly  and  almost  indiscriminately  used),  it  may  be  well  to 
give  the  sense  of  the  resolutions  passed  at  the  International 
Congress  of  Electricians,  held  in  Paris  in  1881,  and  now  uni- 
versally adopted. 

Electrical  Unitp. 

The  fundamental  units  adopted  are  those  of  the  centimetre 
(length),  the  gramme  (mass),  and  the  second  (time) ;  or,  as  it  is 
called  for  brevity,  the  C.G.S.  system. 

For  practical  imits  the  following  are  adopted : — 

The  OhTTi  (10*  C.G.S.  units),  as  the  imit  of  resistance,  is  that 
of  a  column  of  mercury  having  one  square  millimetre  of  section, 
and  of  a  length  hereafter  to  be  determined  by  a  commission 
specially  appointed  for  the  purpose. 

Note. — ^The  length  is  supposed,  however,  to  be  between  104 
and  105  centimetres. 

The  VoU  (10*  C.G.S.  units  of  electro-motive  force),  as  the  unit 
of  electro-motive  force. 

Note. — This  corresponds  nearly  to  that  of  a  Daniell's  cell. 

The  Ampire  (10"'  C.G.S.  units  of  current),  as  the  unit  of 
current;  which  is  the  current  produced  by  one  volt  through 
one  ohm. 

The  Coulomb  (10"^  C.G.S.  units  of  quantity),  as  the  unit  of 
quantity  of  electricity ;  which  is  defined  by  the  condition  that  an 
ampdre  yields  one  coulomb  per  second. 

The  Farad  (10-*  C.G.S.  units  of  capacity),  as  the  unit  of 
capacity;  which  is  such  that  one  volt  in  a  farad  shall  give  one 
coulomb. 
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Or,  to  quote  the  words  of  Sir  Wm.  Thomson  (the  chairmaii  of 
the  British  Association  Committee  which  settled  the  G.G-.S. 
system  of  miits  above  referred  to),  when  explaining  the  practical 
units  to  the  Congress : — "  The  volt  acting  through  an  ohm  gives 
a  current  of  one  ampdre,  that  is  to  say,  one  coulomb  per  second ; 
and  the  fiurad  is  the  capacity  of  a  condenser,  which  holds  one 
coulomb,  when  the  difference  of  potential  of  its  two  plates  is 
one  volt." 

The  following  were  also  suggested  by  Dr.  C.  W.  Siemens,  at  the 
British  Association  meeting,  1882,  to  be  added  to  the  above 
units: — 

The  Watt  (10'  C.G-.S.  units  of  power),  as  the  unit  of  i)ower; 
being  the  rate  at  which  work  is  done  by  a  current  of  one  ampdre 
flowing  in  a  conductor  whose  ends  differ  in  potential  by  one  volt. 

The  Joule  (10'  C.Gr.S.  units  of  work),  as  the  unit  of  work,  or 
heat,  being  the  heat  generated  by  a  watt  in  a  second. 

Although  the  unit  of  quantity,  as  defined,  is  the  coulomb,  yet 
it  is  sometimes  found  more  convenient  to  express  measurements  of 
quantity  in  terms  of  the  current  and  the  time. 

Thus,  it  is  more  convenient,  sometimes,  to  say  "  one  ampdre- 
honr "  than  "  3,600  coulombs,"  as  the  quantity  of  electricity 
conveyed  by  a  current  of  one  ampdre  flowiag  continually,  and 
uniformly,  for  the  space  of  one  hour. 

The  product  of  the  quantity  of  electricity  conveyed,  in 
ampdre  seconds,  or  in  coulombs,  by  the  electrical  pressure  of  the 
same,  expressed  in  volts,  gives  the  electrical  energy  expended,  in 
joules. 

The  electrical  energy  is  therefore  represented  by  the  product 
of  volts  X  ampdres  x  time;  or,  by  the  product  of  volts  x 
coulombs ;  or,  expressed  algebraically,  W=ECt=EQ. 

The  following  are  the  equivalent  expressions  for  the  same 
amount  of  power,  only  expressed  in  other  terms,  some  of  whioh 
may  perhaps  be  more  familiar : — 


1  volt-€unpdre  =  < 
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Bate  of  expendvng  Energy. 
^  10'  ergs  per  second. 

1  watt. 

-rhz  foot-pounds  per  second. 

7.|y  kilogrammdtres  per  second. 

yj^  force  cheval  (French  horse-power). 
^  xK  horse-power. 

It  is  suggested  in  some  of  the  (draft)  provisional  orders  for  the 
supply  of  electricity,  now  before  the  Board  of  Trade,  that  the  unit 
of  price  to  be  charged  should  be  based  on  ^^  the  energy  contained 
in  a  current  of  1,000  ampdres  flowing  under  an  electro-motive 
force  of  one  volt  during  one  hour  ** ;  or,  in  other  words,  the  unit 
might  be  put  as  1,000  volt-ampdre-hours.  Since  the  ampdre-hour 
is  another  way  of  saying  3,600  coulombs  of  quantity  of  electricity 
supplied,  the  above  expression  may  be  put  thus,  as  representing 
the  value  of  the  above  unit. 

'Work  doTiey  or  Energy  eoffpended. 

10"^  erg  hours. 
3,600,000  volt-coulombs. 
3,600,000  joules. 
1,000  watts  hours. 
2,645,000  foot-pounds. 
366,840  kilogramm^tres. 
1*35  force-cheval-heures. 
1*34  horse-power  hours. 

Put  in  terms  more  in  accordance  with  actual  practice,  the 
above  unit  might  mean  the  supply  for  one  hour  of  a  current  of 
10  ampdres  with  an  electro-motive  force  of  100  volts. 

To  arrive  at  a  due  evaluation  of  the  supply  of  electric  energy, 
it  is  evident  that  the  measurement  of  each  of  these  two  factors 
(in  volts  and  ampdres  respectively),  should  be  effected  either 
separately  or  combined ;  and  also  that  a  continuous  and  cumulative 
record  should  be  kept  of  the  supply  as  it  proceeds. 

Many  instruments  exist  for  the  measurement  of  the  above 
elements,  at  any  particular  time ;  but  without  any  means  of  con- 
tinuously recording  such  measurements.    These  evidently,  except 


1,000  volt-ampdre-hours  =< 
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under  certain  conditions,  cannot  comply  with  the  commercial 
conditions  required  for  ascertaining  the  amount  of  f  upply.  It  is 
only,  therefore,  instruments  furnished  with  means  of  continuously 
integrating,  or  recording  the  successive  progressions  of  the  supply, 
or  instruments  to  which  such  recording  apparatus  can  readily  be 
attached,  that  come  properly  within  the  scope  of  this  paper. 

To  measure  with  completeness  for  commercial  purposes,  a 
supply  of  electricity  will  entail,  therefore,  a  continuous  record  of 
each  of  the  two  elements  just  referred  to,  current  and  pressure, 
either  separately  or  combined.  In  the  supply  of  towns,  however, 
the  question  for  the  consumer  may,  and  will,  most  probably,  be 
much  simplified,  by  causing  one  of  these  elements,  that  of  pres- 
sure, to  remain  constant ;  since  it  is  very  likely  that  a  constant 
standard  pressure  of  supply  will  be  fixed  by  the  Government 
in  granting  the  several  provisional  orders.  If  so,  it  then  becomes 
the  duty  6f  the  suppliers  to  keep  up  to  that  pressure  under 
penalty ;  and  instruments  for  recording  such  pressure  will  have  to 
be  installed  where  required,  and  placed  under  proper  supervision. 

For  the  customer,  however,  it  will  then  generally  suffice  to 
have  an  exact  record  of  the  quantity  only  of  his  individual  con- 
sumption of  electric  supply. 

It  has  been  thought  advisable  to  precede  the  description  of 
the  recording  or  registering  instruments,  which  alone  are  "meters  " 
in  the  conmionly  accepted  sense  of  the  word,  by  an  enumeration 
of  some  of  those  non-recording  instruments  which  are  in  more 
general  use ;  since  they  suffice  for  present  exigencies.  This  short 
descriptive  enumeration  is  even  almost  necessary,  since  most  of 
these  instruments,  by  the  addition  of  some  recording  apparatus, 
or  appliance  by  which  the  element  of  time  can  be  integrated, 
may  be  made  to  enter  into  the  class  of  registering  meters. 
Indeed,  some  of  them  already  possess  their  representative  in  this 
second  class,  or  else  have  given  rise  to  some  modification,  which 
has  complied  with  the  requirements  in  the  latter  case. 

Thus,  any  current  or  ampdre  measurer  may  be  converted  into 
a  record  of  quantity,  or  a  coulomb-meter,  by  the  integration  of 
the  time  during  which  the  current  has  flowed;  and,  similarly,  any 
power  or  volt-ampdre  measurer  may  become  a  register  of  work 
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done  by  means  of  the  addition  of  the  elements  of  time.  Again, 
volt  or  pressure  measurers  will  always  be  required  in  any  case 
where  a  check  is  required  upon  the  actual  difference  of  potentials, 
or  electro-motive  force  of  the  supply ;  and  this  may  arise  from 
a  variety  of  causes. 

The  following  is  a  short  description  of  some  of  the  instruments 
in  use  for  the  purposes  of  measurement  of  electricity,  a  reference 
being  given  where,  if  desired,  a  fuller  description  may  be  found ; 
and  the  illustrations  mainly  refer  to  those  instruments  which 
are,  so  feur  as  the  writer  knows,  not  described  elsewhere. 

NON-BEQISTERINQ  INSTRUMENTS. 

CUBBENT  MeASUBEBS. 

Ayrton  arvi  Pernfa  ^^Amrmeter.^* — ^This  instrument  is  made 
in  several  forms.  In  its  original  form  it  consists  of  a  permanent 
magnet  of  horse-^hoe  form,  with  a  needle-armature  fixed  between 
its  pole-pieces.  These  are  made  of  such  a  shape  as  to  ensure 
that  the  deflections  of  the  needle  shall  be  directly  proportional 
to  the  intensity  of  the  current  causing  them ;  hence  a  knowledge 
only  of  the  constant  of  each  instrument  is  required  when  using  it. 
Furthermore,  the  coil  of  wire,  through  which  the  current  passes, 
is  in  some  instruments  divided  up  into  ten  strands,  which  may  by 
means  of  a  cylindrical  commutator  be  coupled  up  in  "  parallel "  or 
in  "  series  " ;  as  it  is  desired,  or  not,  to  magnify  the  deflection 
tenfold  for  small  cujrents.  In  cases  where  loss  of  magnetism  in 
the  permanent  magnet  is  to  be  feared,  a  spiral  spring  is  made  to 
take  the  place  of  the  horse-shoe  magnet  as  the  controlling  force. 

Again,  where  extreme  delicacy  is  required,  the  deflections  of 
the  needle  may  be  magnified  tenfold  or  more,  by  attaching  to  the 
shaft  of  the  needle  a  wheel  and  pinion.  This  form  of  instrument 
is  adapted  for  use  with  strong  currents. 

Siemens  Eledro-^l/ynarnAymeter^  consists  of  a  fixed  coil,  and  of 
a  movable  coil  suspended  by  a  thread  and  a  spiral  spring,  the 
normal  position  of  the  latter  being  at  right  angles  to  that  of  the 

♦  See  Journal  Soc.  Teh  Engrs,,  No.  36,  Vol.  X.,  April,  1881,  and  No.  48, 
Vol.  XI.,  Sept.,  1882. 

t  See  Journal  8oe.  Tal.  Engn.,  No.  48,  Vol.  XI.,  Sept.,  1881 
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form^.  When  a  current  is  sent  through  the  two  coils  in  series, 
the  movable  coil  is  deflected ;  this  deflection  is  counteracted  by 
torsion  of  the  spiral  spring,  the  amount  of  such  torsion  (indicated 
hy  a  pointer  on  an  index-dial)  being  proportional  to  the  square  of 

the  current  strength. 

Obach^a  TangeTit  Galvanometer'*  has  a  movable  ring  round  a 
horizontal  axis.  If  the  ring  is  vertical  the  needle  tends  to  turn 
on  a  vertical  axis,  as  in  the  ordinary  tangent  galvanometer  (the 
opposing  force  being  the  horizontal  component  of  the  earth's 
magnetism);  if,  however,  the  ring  is  placed  horizontally,  the 
needle  turns  round  a  horizontal  axis,  or  dips  (the  opposing  force 
being  the  vertical  component  of  the  earth's  magnetism).  The 
effect  of  the  intensity  of  the  current  upon  the  needle  may  there- 
fore be  varied  with  the  inclination  of  the  ring.  With  the  ring 
in  any  fixed  position,  the  current  strength  is  proportional  to  the 
tangent  of  the  deflection  (as  in  an  ordinary  tangent  galvanometer). 

Ca/rdefw*8  Lovj^eaistance  Oalvanomet€r1[  is  based  on  the 
principle  of  finding  the  intensity  of  an  unknown  current  by 
balancing  it  against  one  of  known  strength,  and  thus  ascertaining 
the  relation  between  the  two.  It  consists  of  two  coils,  a  thick 
wire  one  (for  the  unknown  current),  and  a  thin  wire  one  (for  the 
standard  one) :  both  are  wound  on  the  same  bobbin,  but  are  insu- 
lated from  each  other.  A  magnet,  with  needle-pointer,  is  pivoted 
in  the  centre  of  the  bobbin,  and  its  deflections  are  counteracted 
by  the  insertion  of  known  resistances. 

Depres^s  OcUvanometer  consists  of  a  horse-shoe  permanent 
magnet,  with  a  solid  armature-needle  and  index-pointer,  pivoted 
vertically,  placed  between  its  poles,  and  a  coil  of  the  wire,  which 
carries  the  current  to  be  measured,  laid  within  the  horse-shoe. 
A  table  indicating  the  value  of  the  several  deflections  of  the 
needle  has  to  be  used. 

Si/r  Wm.  ThoTnsorCs  Current  Oalvanometer.X — ^This  instru- 
ment, together  with  its  fellow  one,  for  the  measurement  of  the 
difference  of  potential,  have  been  termed  "  graded  galvanometers." 
They  are  designed  so  as  to  permit  of  a  very  wide  range  being 

•  See  Jowmal  8oc.  Tel.  Engrs.,  No.  43,  Vol.  XI.,  Sept.  1882.  t  IWd. 

I  See  ^dti»r#,  Sept.  21, 1882. 
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obtained  with  each  respectively ;  this  being  effected  by  varying 
the  intensity  of  the  magnetic  field  in  a  known  ratio,  and  com- 
paring with  it  the  unknown  current. 

The  present  instrument  consists  essentially  of  two  parts — Ist^ 
a  coil  of  thick  wire,  through  which  the  current  to  be  measured  is 
allowed  to  pass,  it  being  fixed  upright  at  the  end  of  &  wooden 
platform,  with  about  one-half  only  of  the  coil  projecting  above  it ; 
and,  2nd,  of  a  ^^magnetometer.''  This  last  consists  of  a  system  of 
four  short  steel  magnets  (constituting  the  ^^ needle")  mounted  in  a 
irame  on  a  vertical  axis,  with  a  long  aluminium  pointer  attached, 
and  enclosed  in  a  quadrant-shaped  box,  with  a  glass  cover,  and  a 
silvered  glass  mirror  bottom  (in  order  to  counteract  any  effect  of 
parallax  while  reading  the  scale  of  tangents,  to  which  the 
instrument  is  graduated)* 

In  order  to  increase  the  directive  force  of  the  needle,  when 
required,  a  semicircular  permanent  magnet  of  hard  steel  and  of 
known  intensity  may  be  fixed  upright  on  two  arms  projecting 
from  the  magnetometer  behind  the  apex  of  the  quadrant.  The 
magnet  stands  over  the  needle,  with  its  magnetic  axis  in  the 
horizontal  plane  through  that  of  the  needle. 

The  magnetometer  is  made  to  slide  along  a  groove  in  the 
wooden  platform  in  front  of  the  fixed  coil,  and  in  direction  at 
right  angles  to  it,  the  axis  of  the  magnet  and  also  of  the  needle 
(when  at  rest)  being  parallel  to  that  of  the  coil;  while  the 
aluminium  pointer,  when  at  zero,  which  is  the  centre  of  the 
scale,  lies  in  direction  with  the  groove,  or  at  right  angles  to 
the  coil. 

The  range  of  sensibility  obtained  by  varying  the  extreme 
distance  along  the  groove  of  the  magnetometer  from  the  coil  is 
about  fifty-fold ;  while  by  removing  the  magnet,  and  leaving  the 
needle  under  the  influence  of  the  earth's  force  alone,  a  further 
sensibility  of  fifty  times  greater  can  be  obtained. 

Pbessuke  Measubebs. 

AyrUm  and  Perry^s  ^^VoUrmeter  "  is  in  principle  and  form  like 
their  am-meter,  and  it  has,  like  it,  several  similar  modifications. 

The  essential  difference  between  the  two  instruments  is  that  the 
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thick  wire  coil  of  the  am-meter  is  here  replaced  by  a  thin  wire 
coily  with  the  connections  to  its  ends  so  arranged  as  to  measure 
the  difference  of  potential  between  the  points  desired. 

Sir  WiUiam  Uiomaan^s  ^^PoterUial^  Oaluanomder  differs 
only  from  his  ^^  current "  instrument,  ahready  described,  in  the 
use  of  a  thin  wire  coil  (of  German  silver  of  about  6,000  ohms 
resistance),  instead  of  a  thick  wire  coil,  and  in  the  change  in  the 
connections  to  suit  the  present  object. 

Depress  Oahanometer. — ^Here,  again,  this  instrument  bears  the 
same  relation  to  his  current  measurer,  and  differs  firom  it  in  a 
way  similar  to  that  in  the  preceding  cases. 

Siemens  Torsion  OcUvanometer*  consists  of  a  bell-magnet, 
suspended  between  two  coils  of  fine  wire  by  means  of  a  thread 
and  a  spiral  spring.  The  deflections  of  the  magnet  under  the 
influence  of  the  current  are  counteracted  by  means  of  the  spring, 
as  in  their  electro-djoiamometer,  only  th^t  the  angles  of  torsion 
are  here  proportional  simply  to  the  intensity.  Certain  resistances 
can  also  be  added  by  which  the  sensitiveness  can,  by  means  of 
the  insertion  of  a  plug,  be  increased  tenfold. 

Power,  or  Energy  Measurers. 
Ayrton  and  Pernfa  ^^  Power-meter^^  ^  consists  of  a  thick  wire 

4 

coil  through  which  the  main  current  passes,  and  of  a  fine  wire 
coil  on  a  shunt,  which  is  suspended  within  it.  The  axis  of  the 
two  coils  are  parallel,  and  the  passage  of  a  current  tends  to  deflect 
the  suspended  one.  Since  the  thick  wire  coil  measures  the 
intensity  of  the  current,  and  the  thin  wire  one  its  electro-motive 
force,  and  as  the  deflection  pf  the  latter  is  the  product  of  the 
two,  therefore  the  amount  of  that  deflefction  is  the  measure  of  the 
power,  or  energy,  of  the  current,  and  being  directly  proportional 
to  the  latter,  can  be  ascertained  without  the  use  of  a  table. 

Modifications  of  this  instrument,  with  or  without  a  com- 
tautator,  or  with  a  wheel  and  pinion  arrangement,  are  also  made. 

Siemens  Wattr^meter. — ^This  instrument  is  constructed  on  the 
same  principle  as  the  electro-dynamometer.    The  two  coils  are, 

•  Bee  Jowrrua  See.  Tel.  Engrs.,  No.  48,  Vol.  XL,  Sept.,  1883. 
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however,  kept  distinct  from  one  another,  with  separate  terminals 
to  each.  The  fixed  one,  of  thin  wire,  on  a  shnnt,  measures  the 
electro-motive  force;  while  the  movable  one  has  the  main 
current  passing  through  it.  The  resulting  position  of  the  latter 
coil  is  due  directly  to  the  product  of  the  intensities  of  the  two 
currents;  that  is,  to  the  power  developed.  This  product,  of 
volts  X  amperes,  is  watts ;  hence  the  name  of  the  instrument* 
The  angle  of  torsion  of  the  index-pointer  gives  the  watts 
directly,  and  without  the  intervention  of  a  table. 

Eesistance  Measurers. 

Although  measurements  of  this  class  are  generally  carried  out 
by  means  of  a  galvanometer,  a  set  of  resistance  coils,  and  a 
Wheatstone  bridge  (therewith  balancing  the  unknown  resistance 
by  means  of  one  of  a  known  amount),  yet  amongst  the  instru- 
ments exhibited  is  the  following  one.  It  is  intimately  con- 
nected with  some  of  those  already  described,  and  its  internal 

arrangements  are  based  upon  one  of  the  fundamentcd  laws  of 

EMF 

electricity,  that  of  Ohm;  which  states  that  resistance  =  — - — '—^ 
•'  current. 

Ayrton  and  Perry*8  "  OhwrTneter  "*  consists  of  two  coils :  a  thick 
wire  one  for  the  main  current,  and  a  thin  wire  one  on  a  shunt  for 
the  electro-motive  force.  Both  are  fixed  with  their  axes  at  right 
angles  to  each  other.  A  needle  is  acted  upon  by  the  current* 
flowing  through  each,  and  as  these  are  at  right  angles  to  each 

other,  the  resulting  deflection  represents  the  ratio  '—-^  i.^., 

V  °  current       ' 

resistance ;  while  in  the  power-meter  the  deflection  is  caused 
by  the  jwroduct  of  current  X  E.M.F. 

In  all  these  diflferent  instruments  devised  by  Ayrton  and 
Perry,  the  deflections  are  caused  by  duly  proportioning  the  parts, 
to  be  directly  proportional  to  the  measurements  sought  for  in 
each  case. 

EEGISTEBINQ  INSTRUMENTS. 

These  may  be  divided  into  two  classes— 1st,  Quantity,  or 
Coulomb-meters;  and,  2nd,  Energy,  or  Work-meters. 


•  See  JowrmX  Boe.  T«l.  Bngn.,  No.  48,  Vol.  XI.,  Sept.,  1882. 
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1.  Quantity y  or  CovZornlHmetere. 

These,  again,  are  separated  into  those  based  upon,  Ay  dectro- 
lytic  action,  and  those  which  are,  Bj  mechanical  in  principle. 

A.  Electrolytic* 

Edison's  Current-meters. 

Tliese  are  based  upon  electro-deposition  of  metal,  due  to  the 
action  of  a  known  fractional  part  of  the  total  current.  The  freight 
of  the  increments  is  ascertained  periodically,  and  from  it  the  total 
quantity  of  the  current  which  has  passed  during  the  interval  is 
deduced. 

The'  metal  now  generally  used  consists  of  plates  of  amalga- 
mated zinc,  immersed  in  a  solution  of  90  parts  of  sulphate  of 
zinc  and  100  parts  of  pure  water. 

In  the  form  of  meter  for  commercial  use,  two  cells  are  placed 
as  a  check  against  one  another ;  one,  termed  the  "  monthly  cell," 
receiving  four  times  the  current  of  the  other,  which  is  known  as 
the  "  quarterly  cell." 

In  order  to  prevent  the  temperature  of  the  liquid  in  the  cells 
falling  so  low  as  to  freeze,  a  connection  is  made  by  means  of  a 
long  thin  strip  of  brass  and  steel  riveted  together  to  an  incan- 
descent lamp,  which  is  thereby  lighted  and  raises  the  temperature 
as  required.  It  is  only  when  the  temperature  falls  to  42°  Fah. 
that  this  tongue  is  sufficiently  depressed  to  form  contact,  and  so 
to  light  the  lamp.  On  the  temperature  rising  the  tongue  rises, 
and  the  lamp  is  extinguished. 

Experience  shows  that  electro-deposition,  to  give  a  true  and 
reliable  record,  should  not  be  forced  or  overworked  in  its  action ; 
and  that  the  plates  should  not  in  their  daily  duty  be  required  to 
do  more  work,  or  be  longer  in  action  than  they  are  intended  for 
by  their  superficial  area.  In  practice,  about  75  per  cent,  only  of 
their  nominal  work  should  be  required  of  them.  It  appears  to  be 
the  practice  to  design  the  duty  of  a  meter  for  three  hours, 
burning  each  lamp  per  night.  Thus,  a  25-light  meter  would 
have  its  plates  designed  for  75  lamp-hours  per  night.  As  just 
stated,  it  is  not  advisable,  in  practice,  to  exceed  75  per  cent,  of 
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this  amount.  However,  it  is  seldom  fomid  tliat  the  whole  of  the 
lights  are  used  for  the  entire  of  the  time  allotted  to  each ;  and^  if 
this  were  so,  it  would  merely  require  a  larger  meter  to  meet 
the  case. 

At  the  present  moment,  it  is  understood  that  over  three 
hundred  meters  on  this  principle  are  in  use  in  New  York. 

Several  other  forms  of  meter  have  been  devised  by  Edison, 
such  as  his  beam-meter,  where,  when  the  increments  by  electro- 
deposition  have  accumulated  to  a  certain  limit,  the  current  is 
reversed  and  the  accumulation  is  redissolved,  to  recommence 
again  when  the  normal  condition  is  gained;  and,  again,  electric* 
motor-meters,  by  fluid  pressure,  etc.  All  of  these  have,  it  is  said^ 
in  practice  been  found — ^in  cases  where  the  total  current  supplied 
is  very  small,  and  this  often  so— to  require  so  large  a  proportion, 
of  it  for  these  mechanical  operations,  as  to  make  the  record 
unreliable.  The  meter  first  described,  by  electrolytic  action  only, 
is  therefore  now  generally  adopted  by  Edison. 

Sprague's  Meters. 

These  instruments  are  based  upon  electro-deposit  up  to  a 
certain  point ;  i.e.,  when  the  intended  quantity  of  metal,  whether 
copper  or  zinc,  has  been  deposited  on  the  plate.  The  current  is 
then  reversed,  and  the  metal  gradually  dissolved  again  until  the 
primary  condition  of  the  plate  is  reached ;  when,  by  another  reversal 
of  the  current,  deposition  again  commences.  Each  reversal  of  the 
current  iis  recorded  by  a  mechanical  counter  and  a  train  and 
wheels. 

Not  much  practical  experience  has  so  far  been  obtained  with 
these  meters ;  but  what  has  been  done  tends  to  point  out  that  the 
mechanical  operations  involved  in  the  reversals  of  the  current, 
and  in  their  registration,  absorb  a  large  amount  of  power. 

B.  Mechanical. 

Hopkinson's  Current-meter. 

This  instrument  consists  of  a  thick  wire  coil,  in  the  form  of  a 
solenoid,  through  which  the  current  passes  to  be  measured.  The 
iron  core  of  tEis  solenoid  revolves  with  its  central  shaft  by  the 
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action  of  the  armature  of  a  small  dynamo  machine,  placed  at  one 
end  of  the  shaft. 

The  core  of  the  solenoid  is  in  two  parts ;  the  lower  is  fixed  to 
the  shaft,  while  the  upper  is  movable,  being  attached  to  a  governor^ 
ball  arrangement,  and  sliding  up  and  down  the  shaft  in  accordance 
with  the  variations  in  the  rotation  speed  of  the  shaft.  A  shunt 
current  passes  through  the  dynamo  and  its  armature,  then  up 
through  the  lower  or  fixed  portion  of  the  core,  and  (by  contact 
only)  to  the  sliding  part,  and  thence  to  the  framework  of  the 
apparatus. 

If  the  movable^  core  be  lifted,  owing  to  the  speed  of  rotation 
by  the  action  of  the  governor-balls,  this  circuit  is  broken,  and  the 
shunt  current  through  the  dynamo  interrupted.  Whenever  a 
current  to  be  measured  passes  through  the  coil,  attraction,  by 
means  of  its  casing,  takes  place  between  the  fixed  and  the  mov- 
able parts  of  the  iron  core. 

This  magnetic  action,  which  is  proportional  to  the  sqi^e  of 
the  current,  tends  to  keep  the  two  parts  of  the  core  together  and 
in  contact;  while  the  centrifugal  force  of  the  governor-balls, 
which  is  proportional  to  the  square  of  the  speed  of  revolution, 
tends  to  break  the  contact  by  lifting  the  movable  part.  These 
opposite  forces  will,  in  working,  balance  one  another,  and  the 
result  is  that  the  system  revolves  with  a  velocity  proportional  to 
the  current  through  the  coil. 

As  the  revolutions^  of  the  shaft  are  transmitted  continuously 
by  a  train  of  wheels  to  a  set  of  index  dials,  a  record  is  thus  kept 
of  the  quantity  of  the  current  that  has  passed. 

In  the  construction  of  the  apparatus  the  weight  of  the  core  is 
taken  o£f  by  springs.  The  arrangement  of  the  parts,  as  now 
made,  is  shown  in  the  sheet  of  figures. 

Boys'  QuANxnT,  or  Vibrating  Meter. 

This  instrument  is  based  upon  two  well-known  principles. 
1.  The  force  acting  on  the  armature  of  an  electro  magnet,  in  any 
position,  is  proportional  to  the  square  of  the  current.  2.  The 
square  of  the  number  of  vibrations,  say,  of  a  pendulum,  is  a 
measure  of  the  controlling  force, 
vou  xn.  7 
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Therefore,  if  the  controlling  force  under  "which  a  body  vibrates 
is  due  to  the  action  of  an  electro-magnet  on  its  armature,  the 
square  of  the  number '  of  vibrations  in  a  given  time  is  a  measure 
of  the  square  of  the  electric  current.  In  other  "words,  the  rate  of 
vibrating  is  a  measure  of  the  strength  of  the  current,  and  the 
number  of  vibrations  is  a  measure  of  its  quantity. 

The  exact  form  and  nature  of  the  meter  may  vary  in  many 
details.  The  one  now  shown  in  the  figure  consists,  primarily, 
of  an  electro-magnet  (the  upper  one),  through  the  coils  of 
which  passes  a  portion  of  the  main  current  to  be  measured. 
This  magnet  is  placed  horizontally,  and  a  vertical  rocking  shaft 
stands  between  its  poles.  This  shaft  has  fixed  on  it  a  soft  iron 
armature,  rounded  at  the  ends,  and  firee  to  move  in  the  horizontal 
plane  between  the  poles  of  the  electro-magnet. 

The  intensity  of  the  attraction  between  the  poles  and  this 
armature  determines  the  rate  of  vibration;  which,  as  above  stated, 
is  a  measure  of  the  strength  of  the  current.  Each  vibration  is 
itself  recorded  by  means  of  an  escapement,  a  train  of  wheels,  and 
a  set  of  index  dials;  and  the  number  of  vibrations  thus  registered 
becomes  a  measure  of  the  quantity  of  the  current.  To  add  to  the 
momentum  of  the  vibrating  body,  two  long  arms,  weighted  at  the 
end,  are  attached  to  the  lower  part  of  the  vertical  shaft. 

In  order,  likewise,  to  prevent  the  vibrating  armature  firom 
gradually  coming  to  rest,  it  is  arranged  that,  "when  the  vibrations 
fall  below  a  certain  limit,  by  making  contact,  a  portion  of  the 
current  is  sent  round  the  coils  of  a  second  or  "  impulse  "  electro- 
magnet (placed  underneath  the  ^^controlling"  magnet),  and 
which  has  an  armature  of  a  suitable  form  fixed  on  to  the  same 
shaft  that  carries  the  armature  of  the  upper  magnet.  The  extra 
motion  thus  given  to  the  shaft,  by  the  attraction  of  the  lower 
armature,  affords  the  necessary  impulse  to  the  vibrating  armature 
when  required  to  do  so. 

Ayrton  and  Pern^$  CoulomlMTieter*  consists  of  a  small 
magneto-electro-motor,  on  a  shunt  circuit,  which  is  acted  upon  by 
fluid  friction.    As  this  fluid  friction  represents  an  opposing  fcnrce 


•  See  Jowmcd  Soc.  Tel,  Engrs,,  Ko.  43,  Vol.  XI.,  Sept.,  1882. 
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directly  proportional  to  the  velocity,  while  the  force  causing 
motion  is  proportional  to  the  current,  hence  the  last  named  is 
proportional  to  the  velocity.  The  revolutions  of  the  motor  being 
registered  by  a  speed-counter,  a  record  of  the  total  quantity  of 
the  current  which  has  passed  is  thus  kept. 

2.  Energyy  or  Worh^meteTs. 
Boys'  Energy-meter.* 

This  instrument  consists  of  two  parts— 1st,  the  indicator  of 
energy,  and,  2nd,  the  integrating  apparatus. 

Ist.  In  the  indicator  of  energy,  a  balanced  beam  has  from  one 
end  suspended  a  counterweight,  and  from  the  other  a  hollow 
solenoid,  free  to  work  up  and  down  into  two  other  fixed  solenoids. 
The  movable  solenoid  is  wound  with  a  considerable  length  of 
fine  wire ;  in  the  upper  half  in  one  direction,  in  the  lower  in 
the  opposite  (this  is  to  render  it  independent  of  any  magnet 
which  may  be  placed  near  to  it).  This  solenoid  constitutes  the 
high  resistance  shunt  which  measures  the  E.M.F.  The  two  fixed 
solenoids  are  wound  with  thick  wire,  and  convey  the  main 
current. 

The  result  of  the  action  of  the  fixed  and  the  movable  solenoids 
on  each  other  is  a  force  proportional  to  the  product  of  the  two 
currents,  that  is,  to  the  energy  being  expended ;  but  the  external 
evidence  of  this  is  the  inclination  of  the  beam,  and  this  inclina* 
tion,  or  rather  the  tangent  of  the  inclination,  is  proportional  to 
the  energy  being  expended. 

2nd.  The  recording  apparatus  consists  of  a  cylinder,  which  by 
means  of  a  mangle-motion  is  made  to  reciprocate  backwards  and 
forwards  by  clockwork,  and  during  its  passage  in  each  direction 
the  cylinder  is  made  to  bear  alternately  against  one  of  two 
tangent  wheels,  each  free  to  be  inclined  in  its  direction  of  travel : 
both  are  fixed  on  the  same  swivelling  frame,  but  only  one  of  them 
bears  at  the  same  time  against  the  cylinder. 

This  frame  is  free  to  be  inclined  from  the  vertical  in  corres- 
pondence with  the  inclinations  of  the  beam  above  mentioned; 

*  See  FhiXotophieaX  Magmne^  February,  1882. 
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but  the  tangent  of  the  incUnation  of  the  beam,  as  has  been  said, 
is  proportional  to  the  energy  of  the  current ;  so  also,  therefore, 

is  the  tangent  of  the  inclination  of  the  wheels  fi.e.y  j-^J- 

The  eflFect  of  this  inclination  of  the  tangent  wheel  is  to  cause 
the  reciprocating  cylinder  to  rotate,  the  speed  of  such,  rotation 
being  proportional  to  the  tangent  of  the  inclination  of  the  wheel, 
which  is  likewise  proportional  to  the  tangent  of  the  inclination  of 
the  beam ;  that  is,  to  the  amount  of  energy  expended.  The  path 
of  the  tangent  wheel  on  the  reciprocating  cylinder,  when  not 
inclined,  is  simply  a  straight  line  lengthways  along  the  cylinder, 
and  no  rotation  is  caused ;  but  when,  owing  to  the  inclination  of 
the  wheel,  the  cylinder  rotates,  the  wheel-path  becomes  a  spiral. 

The  rotations  of  the  cylinder  are  transmitted  to  a  train  of 
wheels  and  registered;  thus  giving  a  record  of  the  amount  of 
energy  expended  during  a  given  time. 

Boys'  Enoine-power-meteb. 

This  instrument  (shown  in  the  figure)  is  based  upon  the  prin- 
ciple of  integration*  just  described.  It  consists  of  an  integrating 
cylinder  carried  in  a  frame  which  moves  to  and  fro  with  the  piston 
of  the  engine ;  being  pulled  one  way  by  a  wire,  and  the  other  by 
a  spring.  The  cylinder  is  free  to  rotate  upon  its  axle,  which 
carries  an  arrangement  for  transmitting  these  rotations,  by  means 
of  a  train  of  wheels,  to  a  set  of  index  dials,  and  so  recording  them. 

A  tangent  wheel  in  a  fixed  frume,  the  normal  position  of  which 
is  parallel  to  the  axis  of  the  cylinder,  presses  constantly  against 
the  side  of  the  cylinder ;  it  is,  however,  capable  of  pivoting  in  its 
bearings,  and  becoming  inclined  to  the  axis  of  the  cylinder.  A 
rod  in  the  plane  of  the  tangent  wheel,  and  perpendicular  to  its 
pivoting  shaft  (to  which  it  is  fixed),  slides  through  a  collar 
attached  on  a  pivot  at  the  end  of  a  rod,  which  carries  a  piston 
with  a  spring  upon  it ;  the  upper  and  lower  surfaces  of  this  piston 
being  in  communication  with  the  corresponding  ends  of  the 
engine  cylinder. 

The  variations  in  pressure  upon  the  engine  piston  (whether 
from  steam,  water,  &c.)  are  by  this  means  communicated  to  the 
tangent  wheel,  causing  its  inclination  to  vary,  and  at  the  same 
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time  imparting  an  amount  of  rotation  to  the  cylinder  proportional 
to  those  variations  in  pressure.  At  the  same  time  the  recipro- 
cations of  the  integrating  cylinder  are  proportional  to  the  speed  of 
the  engine  piston.  Therefore  the  amount  of  the  rotations  of  the 
cylinder,  all  of  which  remains  continuously  recorded  on  the  index 
dials,  being  proportional  to  the  product  of  the  pressure  on  the 
engine  piston  into  the  distance  through  which  it  travels,  are  a 
measure  of  the  total  power  expended ;  that  is,  of  the  work  done  by 

the  engine. 

Deprez's  Energy-meter.* 

This  instrument  consists  of  a  thick  wire  coil,  movable  upon  its 
axis,  which  passes  through  its  centre  of  gravity.  This  axis-shaft  is 
set  upon  two  knife-edges,  insulated  irom  each  other,  and  commu- 
nicating respectively  with  the  coil;  and  with  a  metal  bar  having  a 
curved,  quadrant-shaped  head,  which  dips  into  a  mercury  cup,  and 
thus  forms  connection  with  the  main  current.  The  shaft  also 
carries,  projecting  downwards,  a  pendulum  rod,  the  bob  of  which 
is  intended  to  cause  an  antagonistic  force ;  while  the  extension, 
upwards,  of  the  rod  forms  a  pointer,  with  a  scale  fixed  on  the 
frame  of  the  apparatus.  On  the  frame  there  is  also  a  fine  wire 
coil,  on  a  shunt,  fixed  so  as  to  surround  the  movable  coil. 

The  deflections  on  the  pointer  are  therefore  due  to  the  product 
of  the  intensity  of  the  current  and  to  its  electro-motive  force ; 
that  is,  to  the  power  developed. 

The  readings  of  this  instrument  may  be  integrated,  either  by 
a  Deprez  rotating  disc  and  ball  integrator ;  or  by  one  designed  by 
Abdank  (of  Cracow),  having  a  travelling  cylinder  and  tangent- 
wheel  arrangement,  somewhat  similar  to  that  of  Boys. 

Ayrton  and  Perry's  Erg-meter. 

This  instrument  is  but  a  further  development  or  sequel  to 
their  power-meter ;  by  the  addition  of  apparatus  which  integrate 
and  record  continuously  the  time  during  which  the  electrical 
energy  has  been  imparted,  as  well  as  the  variations  in  its 
amount.  By  this  means  is  preserved  a  record  of  the  entire  work 
done,  or  of  the  total  electrical  energy  supplied. 

*  See  Xa  Lmnihre  Eltctrique,  Maj  27  and  Jane  10^  ^8S2. 
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As  in  the  powei-meter,  tvo  ooils  are  here  made  use  of.  A 
thick  wire  one  on  the  main  circuit,  to  measure  the  amount  of 
correut;  and  a  thin  vire  one  on  a  shunt  joining  the  ends  of  the 
main  oircoit,  to  measure  the  difference  of  potentials  or  eleetio- 
motire  force  of  the  main  circuit. 

In  the  arrangement,  as  now  shown,  the  thin  wire  coil,  of, 
say,  one  1,000  ohms  resistance,  simply  replaces  the  pendulom  bob 
of  a  clock,  F.    The  wirea  from  each  end -of  the  ooils  pass  ap  the 


sides  of  the  pendulmn  rod  and  on  to  the  binding  screws,  R  and  B, 
which  can  be  joined  to  the  supply  and  return  cables  of  a  house, 
or  machine,  or  a  system  receiving  electrical  energy. 

In  the  immediate  vicinity  of  the  fine  wire  coil,  and  parallel 
with  the  plane  of  the  pendulum  path,  is  a  thick  wire  coil,  C, 
fixed  to  the  clock  case.  This  forms  part  of  the  main  circuit,  and 
has  a  very  small  resistance. 

The  effect  upon  the  thin  wire  coil  of  its  repeated  passages  in 
bimt  of  the  thick  wire  coil  is  to  cause  a  certain  pull  or  attraction 
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upon  its  motion — either  of  acceleration  or  of  retardation,  accord- 
ing to  the  direction  of  the  ooiEng. .  This  acting,  in  addition  to 
the  ordinary  action  of  gravity  upon  the  pendulum,  wiU  keep 
oomstantly  adding  to,  or  retarding,  its  rate  of  motion  in  proportion 
to  the  electrical  power  of  the  circuit.  This  pull  is  the  product  of 
the  magnetic  moments  of  the  two  coils,  and  therefore  is  pro- 
porticoial  to  the  product  of  the  current  and  the  electro-motive 
force* 

The  effects  of  these  r^>eated  accelerations  or  retardations 
upon  the  progress  of  the  clock  keep  constantly  accumulating,  and 
their  total  amount  can  at  any  time  be  detected  and  ascertained 
by  observing  the  amount  of  loss  or  gain  which  the  dock  has 
experienced.  As  the  rate  of  loss  or  gain  in  the  clock  due  to 
different  amounts  of  electrical  power  has  been  previously  ascer- 
tained, this  knowledge  of  the  total  retardation  or  acceleration 
upon  the  clock  is,  in  fact,  a  record  of  the  total  amount  of  elec- 
tricity energy  which  has  been  expended,  or  of  the  work  done, 
since  the  last  observation  of  the  clock. 

The  principle  upon  which  the  erg-meter  is  based  is  as  follows : 
If  c  be  the  current  passing  into  the  house,  and  v  the  difference 
of  potential  of  supply  and  return  cable,  then  c  v  is  proportional 
to  the  electric  horse-power  given  to  the  house. 

/     M 

Now  the  time  of  vibration  of  the  pendulum  ist  =  tt  a/  — -t 

if  the  magnetic  force  is  a  retarding  one,  M,  gr,  t;  tt  being  constants — 

that  is,  if  the  time  of  clock,  when  no  electricity  is  passing,  be 

11   <■  m  xi^       T         /q  —  kcv 
called  T,  then  ^rsA/ • 

Now  care  is  taken  that  the  magnetic  forces  are  very  small 
in  comparison  with  gravitation  forces  acting  on  the  pendulum 

bob ;  so  that,  to  a  degree  of  approximation  which  is  sufficiently 

T  h 

correct  in  practice,  the  above  equation  becomes  —=  1  —  ^ —  c  v. 

k 
The  rate  of  loss  in  the  clock  is  therefore  represented  by  ^ —  c  v. 

That  is,  it  is  proportional  to  c  t;,  the  electrical  power.  Hence,  the 
total  loss  of  the  clock  during  any  time  represents  the  total  elec- 
trical energy  given  to  the  house  during  that  time. 
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For  the  reasons  stated  in  the  earlier  part  of  the  paper,  it  is 
probable  that  the  supply  of  electricity  in  a  town  will  be  carried 
out  at  a  certain  defined  standard  pressure  or  electro-motive  force, 
which  will  be  guaranteed  to  the  consumer;  and  to  assure  the 
fulfilment  of  this  condition  special  steps  will  be  taken  by  the 
local  or  other  authority. 

The  consumer  need  therefore  but  concern  himself,  as  &r  as 
the  supply  he  receives  and  has  to  pay  for,  with  the  quantity  of 
electricity  which  he  has  made  use  oL  In  fact,  the  meter  he 
makes  use  of  to  record  it  may  be  a  coulomb-meter.  The  work,  or 
energy-meters  will  not  be  needed  for  general  application,  but  only 
in  special  cases,  where  the  complete  record  of  the  total  electrical 
energy  supplied  is.  required. 

In  what  form,  therefore,  will  it  be  most  convenient  for  these 
coulomb-meters  to  present  their  record  ?  or,  in  other  words,  upon 
what  unit  should  that  register  be  based  for  commercial  calcu- 
lation? With  the  sole  exception  of  those  meters  based  upon 
electrolytic  action,  and  which  simply  present  the  total  of  the 
increments  of  the  metal,  which  are  proportionate  to  the  total 
quantity  of  current  which  is  passed,  the  record  presented  is  the 
result  of  a  series  of  mechanical  actions  indicative  of  the  strength 
and  duration  of  the  electrical  supply. 

It  is  seen  how  these  successive  mechanical  operations  may  be 
recorded  in  a  cumulative  way  by  the  ordinary  arrangement  of  a 
train  of  wheels;  both  in  the  case  of  those  meters  based  upon 
electrolytic  action,  and  causing  periodical  reversals  in  'the  direction 
of  the  current,  and  also  in  those  where  the  action  due  to  the 
current  is  a  purely  mechanical  one. 

There  remains  then  but  the  question  of  the  mode  of  gradua- 
tion of  the  respective  indicating  dials. 

The  unit  already  referred  to,  proposed  to  the  Board  of  Trade 
in  several  provisional  orders,  viz.,  "the  energy  in  a  current  of 
1,000  amperes  with  an  electro-motive  force  of  one  volt  flowing 
during  one  hour,^  has  been  shown  to  mean  1,000  volt-ampdre- 
hours,  or  3,600,000  volt-coulombs. 

As  it  is  probable  that  one  of  these  iactors  (the  volt),  being 
fixed  and  constant,  may  be  taken  out  of  the  commercial  calcu- 
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lation  for  the  consumer,  it  is  worth  while  considering  what 
dimensions  the  remaining  &ctor  (the  coulomb)  would  assume 
under  the  ordinary  conditions  of  practice ;  and  hence  what  would 
be  most  convenient  graduation  of  the  dials  to  embrace  these 
dimensions.  But  the  commercial  question  requires  also  a 
financial  expression  in  which  to  reckon  these  dimensions. 

The  money  value  accompanying  the  suggestion  of  the  above 
I9OOO  volt-ampdre-hours  unit,  and  which  is  sought  to  be  attached 
primarily  to  100  of  these  units,  is  in  some  provisional  orders  a 
mayimum  of  70s.,  in  others  of  75s.  Though  it  would  be  quite 
ont  of  place  in  this  paper  to  attempt  to  assign  any  financial  value 
fw  the  supply  of  electricity,  yet  for  the  nonce,  and  in  carrying 
out  the  analysis  of  the  above  unit,  as  it  might  work  under  the 
conditions  of  actual  practice,  it  is  necessary  to  assume  a  money 
yalue.  In  the  annexed  table,  which  takes  into  consideration 
the  effect  of  different  rates  of  electro-motive  force,  according  as 
they  may  be  fixed,  70s.  is  assumed  as  the  maximum  money  value 
for  100  units  of  1,000  volt-ampdre-hours  each. 


Comparative  Values  of  Supply  of  Electricity  per  100  Units 
(of  1,000  V.'A.'hour8)  =  £3  10«. 

(1,000  yolt-amp^re-houn  »  8,600,000  Tolt-coalombs.) 


BJCJP. 

Volte. 

PBIOB. 

1,000 
CoulomlM. 

10.000 
OoalomtM. 

100,000 
CoQlombi. 

(1  Unit.) 

1,000,000 
Oonkmbe. 

100 
110 
120 
180 
140 
160 
160 
170 
180 
190 
200 

Pence. 
•28 
•26 
•28 
•8 
•82 
•86 
•87 
•4 
•42 
-44 
•46 

Pence. 
2-88 
2-67 
2-8 
808 
327 
8-6 
8-78 
8-97 
4-2 
4-48 
4-67 

M,       d. 

1  11-3 

2  1-7 
2    4 
2    6-3 
2    8-7 

2  11 

3  1-3 
3    37 
3    6 
3    83 
3  10-7 

4   f.     d. 

0  19    6 
116 

18  4 

16  8 

17  8 

19  2 

1  11    1 
1  18    1 
1  16    0 
1  16  U 
1  18  11 
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The  prices  in  this  table  are  based  on  the  assumption  that  ti 
price  per  coulomb  unit  remains  at  the  same  rate,  irr^peotivei 
the  int'ensity  of  the  electro-motive  force.    As  a  matter  of  fiNi 
tiie  amount  of  the  latter  ought  certainly  to  be  taken  into  aoooiM 
in  ftnng  the  sale  price.  \ 

From  a  careful  consideration  of  this  table,  it  would  appi 
that  the  amount  of  100,000  coulombs  would  form  a  oonveniei 
tmit  of  value  whereby  to  reckon  the  commercial  price.    It  woi 
also  serve  as  a  basis  of  graduation  for  the  indicating  dials 
the  meters,  with  subdivisions  to  iV  and  -rlhr  parts. 


The  values  in    (  Volt-ampere-hour  unit  =  10^^ 
C.G.S.  units  are  l  Coulomb  unit  =  10*. 


The  advantage  of  the  coulomb  imit  is  that  it  expresses  an  ^ 
actual  quantity,  whereas  the  ampere-hour  unit  is  but  a  time-rate, " 
which,  as  a  matter  of  fact,  has  to  be  translated  into  its  cor- 
responding quantity. 

The  coulomb  method  of  graduation  could  be  applied 
uniformly  to  all  quantity-meters,  whereon  they  might  happen 
to  be  afterwards  used,  inasmuch  as  the  special  rate  of  electro- 
motive force  (or  standard  pressure)  in  each  particular  locality 
would  be  taken  into  account  in  the  price  there  charged  for  the 
electric  supply.  This  uniformity  in  manu&cture  would  further 
reduce  the  expense  of  this,  abready  the  simpler,  form  of  registering 
meter. 

With  the  volt-ampere  method,  to  use  a  quantity  meter  (as 
shown  in  the  index-dial  diagram)  requires  the  exact  position  of 
the  unit  to  be  set  according  to  the  partictilar  electro-motive  force 
with  which  it  is  used;  inasmuch  as  the  quantity-record  is  only 
one  factor  in  the  unit.  This  limited  use  of  each  particular 
recording  meter  would  tend  to  create  error  and  confusion. 

With  the  volt-ampere-hour  mode  of  measurement  an  energy 
meter  alone  would  supply  a  complete  record ;  but  this  is  a  form 
of  meter  which  involves  a  clock  or  some  other  time  record,  and 
consequently  is  a  more  expensive  apparatus,  and  one  requiring 
an  amount  of  attention  from  the  consumer,  which  it  would  be 
impossible,  in  many  cases,  to  expect. 
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Thus,  although  the  volt-ampdre  system  may  present^  theo- 
reticaUy,  a  complete  and  convenient  means  of  recording  the 
supply  of  electricity,  yet,  i/n  actual  practice^  the  coulomb  system 
would  meet  all  wants,  and  be  more  suited  to  general  application. 

In  conclusion,  it  is  hoped  that  one  effect  of  the  preceding 
brief  review :  of  the  subject  of  electrical  measurements  may, 
perhaps,  be  to  remove  an  impression  which  seems  to  exist  in  the 
mind  of  the  general  public,  that  electricity  cannot  be  accurately 
measured.  It  is  hoped,  also,  the  remarks  may  tend  to  point  out, 
that  some  steps  have  already  been  taken  to  secure  a  permanent 
record  of  a  supply  of  electricity  for  commercial  purposes. 

After  the  conclusion  of  the  discussion,  some  of  the  registering 
meters,  such  as  Hopkinson's  and  Boys'  (vibrating),  were  shown  in 
operation. 

Mr.  C.  V.  Boys  :  I  think  I  might  with  advantage  describe  ihe 
arrangement  of  the  integrator  which  I  have  applied  to  the  energy- 
neter.  I  am  sorry  to  say  that  at  the  present  moment  the  energy- 
meter  which  I  wished  to  have  here  has  been  removed  for  some 
changes,  but  another  instrument,  in  which  the  same  integrator  is 
aj^lied,  serves  to  show  most  completely  what  the  nature  of  this 
integrating  mechanism  is.  A  cylinder  is  allowed  to  reciprocate, 
and  in  contact  with  its  surface  is  a  disc,  the  plane  of  the  disc 
being  parallel  to  the  axis  of  the  cylinder.  So  long  as  that  is  the 
case,  the  disc  travels  in  a  straight  line  on  the  cylinder,  and,  as  it 
cannot  turn,  it  does  not  require  the  cylinder  to  turn  either.  But 
if ,  as  a  result  of  electrical  energy  or  of  steam  pressure,  the  disc 
is  inclined  more  or  less,  then  in  rolling  along  the  cylinder 
it  will  attempt  to  describe  a  spiral  line ;  but,  as  it  is  fixed  in 
position  and  cannot  move  at  all,  the  groimd,  so  to  speak,  on 
which  it  is  travelling  will  have  to  move  instead :  the  consequence 
is,  that  throng  a  displacement  of  the  plane  of  the  tangent-^ 
wheel  more  or  less,  the  cylinder  will  rotate  more  or  less.  The 
instmment  before  you  is  intended  for  steam  pressure,  and  there- 
fore the  power  of  my  thumb  is  scarcely  sufficient  to  make  it 
act,  but  there  is  just  enough  pressure  to  make  the  action  percept 
tible  on  the  dial  which  registers  the  work  of  the  engine* 
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The  vibrating  meter  now  before  you  will  be  shown  in  action 
presently,  and  I  do  not  think  it  necessary  to  say  much  more  except 
perhaps  that,  theoretically  speaking,  when  a  body  vibrates  under 
the  influence  of  any  force,  it  is  of  the  utmost  importance  that 
the  amplitude  of  vibration  should  be  constant.  If  we  take  the  case 
of  the  pendulum  of  a  clock,  it  is  known,  if  the  amplitude  varies  and 
is  greater  at  one  time  than  it  is  at  another,  that  the  clock  will  not 
measure  time  accurately,  because  the  force  which  brings  that  pen- 
dulum into  its  middle  position  is  not  proportional  directly  to  the 
displacement,  but  to  the  sine  of  the  displacement.  If,  however, 
we  have  a  watch  in  which  the  balance-wheel  is  controlled  by  a 
hair-spring  in  which  the  force  is  directly  proportional  to  the  dis- 
placement, then,  no  matter  whether  the  arc  is  large  or  small,  the 
time  will  always  be  the  same.  Therefore,  in  the  vibrating  meter, 
the  great  point  was,  either  to  make  with  a  given  current  strength 
the  force  directly  proi)ortional  to  the  displacement,  or,  not  having 
that  proportionality,  to  have  the  arc  constant.  The  instrument 
I  have  here,  and  which  I  hope  to  show  at  the  close  of  the  meeting, 
solves  the  second  problem.  The  arc  is  practically  constant,  for  it 
receives  an  impulse  which  is  itself  proportional  to  the  controlling 
force  under  which  it  acts.  Suppose  you  have  a  clock  driven  by  a 
weight  instead  of  a  spring,  and  that  you  take  it  to  the  moon,  or 
some  region  where  the  force  of  gravity  is  different  to  what  it  is  on 
the  earth,  the  clock  will  go  faster  or  slower.  If  the  clock  were  taken 
to  the  moon,  where  the  force  of  gravity  is  less  than  on  the  earth, 
and  if  the  same  impulse  were  applied  to  the  pendulum  that  was 
applied  on  the  earth,  the  length  of  the  vibration  would  be  greater 
— ^it  would  not  keep  proportionate  time ;  but  if  by  taking  the 
clock  to  the  moon  we  change  the  controlling  force,  and  the  amount 
of  impulse  due  to  the  driving  force  varies  in  the  same  proportion, 
then  the  clock  would  keep  proportionate  time,  and  the  arc  of 
vibration  would  not  vary.  This  instrument  does  correspond  to  the 
case  of  a  clock  driven  by  a  weight  taken  about  from  place  to  place, 
where  the  impulse  and  the  controlling  force  vary  in  the  same 
way ;  and  it  does  not  correspond  to  the  case  of  a  clock  driven  by 
a  spring,  in  which  the  impulse  does  not  vary.  I  wished  to  point 
that  out,  as  if  it  was  not  specially  mentioned  it  might  appear  that 
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the  variation  in  the  force  acting  on  the  vibrating  armature  would 
produce  an  error  which,  as  a  matter  of  fact,  does  not  exist. 

The  President  :  Gentlemen, — ^This  evening's  paper  shows  us 
that  much  thought  And  labour  is  being  bestowed  upon  current- 
meters,  and  happy  will  be  the  man  who  succeeds  in  inventing  a 
meter  combining  simplicity  with  exactness,  for  no  doubt  the 
time  is  &st  approaching  when  there  will  be  a  great  demand  for 
such  instruments. 

We  must  not  lose  sight  of  the  fact  that  but  few  of  the  users  of 
the  electric  light  or  power  will  be  electricians,  and  consequently, 
the  meter  should  be  as  simple  as  possible,  so  that  the  ordinary 
householder  can  understand  it,  or  he  will  never  know  what  he  is 
paying  for.  I  have  given  the  subject  much  attention,  for  it  has 
great  interest,  but  I  do  not  consider  myself  qualified  to  criticise 
any  of  the  instruments  now  before  me,  though  no  doubt  there 
are  many  gentlemen  present  who  will  be  able  to  do  so. 

Professor  Perry:  I  was  unfortunately  detained  on  my  way 
here,  and  was  not  present  when  Mr.  Shoolbred  described  the  erg- 
meter  which  has  been  invented  by  Professor  Ayrton  and  myself. 
I  have  no  doubt  he  has  given  the  gist  of  the  construction  and  the 
principle  of  the  action  of  this  instrument,  but,  at  the  same  time, 
a  few  words  in  addition  firom  me  on  the  subject  may  be  acceptable 
to  the  meeting. 

The  instrument  is  simply  a  slightly  altered  oflBce  clock..  We 
find  that  to  take  readings  of  the  electrical  energy  which  has 
been  supplied  to  houses,  machines,  motors,  or  accumulators,  as 
accurately  as  a  gas-meter  registers  the  gas  energy  which  passes 
into  a  house  in  a  certain  time,  something  like  a  30s.  clock  is 
needed.  With  a  good  clock  of  that  kind,  possessing  a  seconds 
hand,  the  constant  of  the  instrument  may  be  obtained  in  a  few 
hours,  whereas  a  much  longer  time  would  be  occupied  in  de- 
termining the  constant  if  the  clock  had  no  seconds  hand.  By 
the  constant  of  the  instrument,  I  mean  the  amount  of  electrical 
energy  which  is  represented  by  one  hour  of  slowness.  The  clock 
hung  up  on  the  blackboard  before  you  has  simply  had  its 
pendulum  bob  taken  off,  and  a  coil  of  wire  of  about  1,000  ohms 
substituted :  on  the  case  of  the  clock,  near  the  fine  wire  coil. 
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there  is  a  thick  wire  coil  of  a  few  turns  through  which  the  main 
current  passes.  Such  an  arrangement  does  not  cost  much,  and  it 
transforms  a  30s.  clock  into  an  erg-meter.  It  is  true  that  this 
specimen  needs  to  be  wound  up  every  week,  but  such  a  clock 
could  be  made  to  be  wound  up  every  month  or  every  few  months, 
or  it  may  be  made  self-winding  by  introducing  a  little  motor 
worked  by  the  electrical  energy  supplied  to  the  house.  Alterations 
of  this  kind  are  very  easily  made.  Again,  it  is  possible  that  after 
twelve  hours  of  slowness  in  this  specimen  we  may  get  rather 
confused  in  our  measurements,  but  we  have  not  found  this  a 
practical  difficulty  in  using  it,  because  we  have  not  required  to 
use  it  for  so  long  a  time  as  three  months,  nor,  indeed,  for  more 
than  only  a  few  days  or  a  week  at  a  time.  Another  slower  hand 
being  added  would  prevent  any  complication. 

In  the  construction  of  this  erg-meter  we  have  the  experience 
gained  by  the  Glerkenwell  clockmakers  during  the  last  150  years. 
When  Mr.  Boys  read  his  paper  sometime  ago  before  the  Physical 
Society,  I  told  him  that  I  thought  it  would  take  some  little  time 
(it  is  now  about  a  year  or  a  year  and  a  half  ago)  to  make  the 
adjustment  of  the  escapement  work  properly — in  fact,  to  gain  in 
the  adjustment  of  his  instrument  as  much  experience  as  has 
been  gained  by  our  first  mechanicians  in  the  last  150  years.  His 
instrument  is  now,  I  believe,  in  pretty  much  the  same  state  as  it 
was  then. 

The  point  I  want  to  make  is  this : — Here  we  have  a  cheap 
instrument  whose  construction  has  been  improved  upon  during  a 
great  length  of  time,  and  we  do  not  change  the  delicate  parts  of 
it — ^we  simply  substitute  a  coil  for  a  pendulum,  that  is  all.  It  can 
be  made  to  measure  quantity  of  electricity  or  electrical  energy, 
so  that  it  may  be  called  either  a  coulomb-meter  or  an  erg-meter. 

Leaving  the  construction  of  the  meter  behind  us,  however,  I 
should  like  to  speak  of  the  measurement  of  electrical  energy,  or  of 
electricity,  generally.  I  think  that  probably  there  is  no  subject 
which  could  be  brought  before  this  Society  which  is  of  greater 
practical  interest  than  that  of  the  continual  measurement  of  the 
electrical  energy  which  passes  into  houses,  and  the  world  is 
looking  to  the  Society  of  Telegraph  Engineers  and  of  Electricians 
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for  some  information  on  the  subject.  Bemember  that  the  world 
thinks  of  a  current  of  electricity  as  it  thinks  of  a  current  of  water 
lapplied  to  houses.  Now  there  is  a  very  essential  difference 
between  tHe  supply  of  electricity  to  houses  and  the  supply  of  gas 
or  water  to  houses.  When  gas  is  supplied,  you  have  only  to  deal 
with  the  quantity  supplied :  you  are  not  going  to  use  gas,  I  need 
hardly  say,  for  its  pressure  energy,  and  you  are  really  dealing 
with  quamtity  of  gas.  Similarly,  when  water  is  supplied,  nobody 
cares  very  much  about  the  pressure  so  long  as  it  is  sufficiently 
high  to  reach  the  tc^  story  of  his  house.  But  if  the  pressure  of 
water  be  doubled  or  quadrupled,  or  say  that  a  pressure  of  700  lbs.  to 
1,500  lbs.  or  2,000  lbs.  per  square  inch  is  given,  then  the  pressure 
becomes  a  very  serious  matter.  Water  of  such  pressure  can  be 
used  certainly  for  washing  purposes,  but  this  is  a  very  subordinate 
use  in  comparison  with  its  use  in  water-pressure  engines,  for 
example.  I  do  not  suppose  that  any  of  us  pay  a  particularly  high 
amount  for  a  cubic  foot  of  water  supplied  to  our  houses ;  and  you 
may  not  be  aware  of  the  fact  that  in  Hull  water  is  supplied  by 
a  company  as  pressure  water.  It  is  not  merely  water,  but 
water  at  a  pressure  of  700  lbs.  per  square  inch.  Every  cubic 
foot  of  water  received  per  minute  at  that  pressure  by  a 
consumer  means  three  horse-power.  In  that  case  the  pres- 
sure is  of  exceedingly  great  importance,  and  for  measurement 
purposes  you  must  take  the  quantity  of  water  multiplied  by  the 
pressure.  And  although  mere  quantity  of  water  may  be  im- 
portant for  washing  purposes,  we  know  of  no  purpose  requiring 
the  use  of  mere  quantity  of  electricity :  it  is  needed  as  a  source 
of  energy  to  drive  a  motor  or  to  produce  light,  and  the  amount  of 
energy  obtained  for  these  purposes  is  what  must  be  measured. 
The  volts  multiplied  by  the  amperes  and  divided  by  746  gives 
you  your  horse-power.  Our  supply  is,  then,  one  of  energy,  elec- 
trical energy — not  merely  a  quantity  of  electricity.  Nobody  cares 
merely  for  the  quantity  of  electricity.  You  want  to  know  what 
the  pressure  is,  or  what  is  the  number  of  volts,  and  also  what  the 
ctirrent  is  in  amperes :  the  product  of  these  two  things  is  the 
important  point.  Now,  it  would  be  very  well  if  we  could  supply 
all  over  England,  and  all  over  the  world,  electricity  at  exactly  the 
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same  pressure,  but  as  a  matter  of  hct  we  do  not  supply  electricity 
everywhere  at  the  same  pressure,  and  I  believe  it  will  be  very 
many  years  before  we  do.  I  do  not  believe  that  it  is  possible  to 
supply  it :  I  do  not  believe  that  ever  we  shall,  though  we  may 
gradually  approach  a  state  of  things  where  there  will  not  be  any 
great  variation  of  pressure  along  a  street.  The  Edison  Company 
at  present  supply  a  certain  quantity  of  electricity,  and  they 
supply  it  at  100  or  110  volts.  I  have  been  using  some  Swan 
lamps  which  work  at  about  40  volts,  or,  let  us  say,  50  volts  for  the 
one  and  100  volts  for  the  other.  It  is  quite  evident  that  a  certain 
amount  of  Edison's  current  is  worth  twice  as  much  current  from 
Swan.  Edison  is  now  working  lamps  with  1,000  ohms  resist- 
ance, and  the  electricity  that  goes  to  supply  those  lamps  will  be  a 
great  deal  more  valuable  per  amp^e  than  the  electricity  which 
goes  to  supply  lamps  which  have  an  exceedingly  low  resistance, 
and  therefore  I  say  that  we  ought  not  to  try  after  current-meters 
merely,  but  for  erg-  or  energy-meters. 

To  give  you  another  example.  I  was  talking  with  a  friend 
not  long  ago,  who  was  rather  ridiculing  the  idea  of  supplying 
electricity  for  working  sausage-machines  and  things  of  that  kind 
in  towns,  and  he  said :  "  In  my  town  there  are  several  butchers 
each  of  whom  has  a  little  tap,  of  only  a  quarter  of  an  inch 
diameter,  which  supplies  water  of  sufficient  force  to  work  a 
sausage-machine,  and  gives  out  a  lot  of  power.  Why  then  should 
we  care  to  have  electricity  ?"  I  was  astonished  at  the  statement, 
of  course,  but  after  careful  enquiry — I  will  not  mention  the  name 
of  the  town,  although  I  rather  think  that  its  water-rate  ought  to 
be  looked  into — I  found  that  the  place  is  on  the  road  to  another 
town  which  really  pays  for  the  water  supply,  and  those  people 
midway  get  the  water-power,  and  do  not  p^y  for  it.  They  no 
doubt  pay  for  the  quantity  of  water  delivered  to  them  at  some 
small  figure,  but  if  they  paid  for  the  amount  of  energy  delivered 
to  them,  and  which  is  transmitted  by  the  agency  of  water  from 
engines  at  a  pumping  station,  they  would  pay  a  very  much  larger 
sum. 

Now  I  think  there  is  no  electrical-energy-meter  which  is  not 
a  current-meter,  or  cannot  be  converted  into  one.    I  am 
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not  arguing  in  favour  of  our  own  meter,  because  I  can  call  the 
instrument  hanging  up  there  a  coulomb-meter   and  make  it 
merely  measure  quantity  of  electricity,  but  I  am  referring  to 
Mr.  Shoolbred's  final  remarks,  and  would  say  that  there  is  no 
great  di£ference  between  an  erg-  and  a  coulomb-meter  in  con- 
struction.   You  must  have  a  clock  arrangement  in  either  case : 
the  one  must  be  just  about  as  simple  as  the  other  in  any  case.    I 
say  that  we  must  have  an  energy-meter  and  not  a  current-meter, 
even  after  perhaps  ten  years  have  taught  us  how  to  make  the 
pressure  exceedingly  uniform  all  over  a  town.    Those  of  you  who 
attended  Professor  Silvanus  Thompson's  recent  lectures  at  the 
Society  of  Arts  know  that  there  are  various  methods  (in  some  of 
which  Professor  Ayrton  and  myself  are  interested)  by  means  of 
which  two  points  can  be  kept  at  a  given  difference  of  potential, 
no  matter  how  many  lamps  may  be  worked  from  those  points.    It 
has  been  arranged  that  in,  say,  a  distribution  of  incandescent 
lamps,  if  you  have  a  steam-engine  with  a  good  governor,  and  a 
dynamo  running  at  a  fairly  constant  speed,  it  is  quite  possible  to 
keep  the  terminals  at  a  given  difference  of  potential,  and  that  if 
a  single  lamp  were  kept  burning  immediately  between  them  it 
would  bum  with  a  constant  brightness  whether  a  thousand  lamps 
were  in  use  or  none  [Professor  Perry  drew  a  sketch  on  the  board 
to  illustrate  this] — whether  you  shunted  off  suddenly  999  lamps 
or  not,  the  same  brightness  is  maintained  in  the  one  lamp.    But 
that  is  not  the  case  in  practice  with  every  lamp,  and  I  do  not  see 
how  it  can  be  worked  out  easily.     I  do  not  see  how  the  potential 
at  an  intermediate  point  can  be  kept  exactly  the  same  at  all 
times,  because  you  certainly  have  a  variable  current,  and  there- 
fore certain  differences  of  potential  must  be  established.    It  is 
therefore  difficult  to  see  how  you  will  supply  electricity  to  houses 
at  a  perfectly  constant  pressure.    I  do  not  know  whether  any 
member  has  worked  the  problem  out  and  sees  his  way  to  it,  but 
until  we  get  electricity  supplied  at  a  perfectly  constant  pressure 
to  all  houses,  it  is  a  most  unfedr  thing  to  charge  by  the  mere 
number  of  coulombs  of  electricity  going  into  houses. 

Mr.  B.  E.  Orompton  :  Professor  Perry,  when  he  said  that  it 
is  absolutely  necessary  to  measure  what  I  may  call  the  electrical 
VOL.  xn.  8 
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pressure,  as  well  as  the  current,  is  quite  right,  when  the  question 
is  viewed  firom  the  Electric  Companies'  side ;  but  I  am  afraid  that 
the  public,  on  the  other  hand,  the  interests  of  which  are  supposed 
to  be  protected  by  the  Board  of  Trade  and  the  local  authorities, 
will  not  take  this  view.    I  am  afraid  they  will  insist  that  we 
should  supply  the  current  at  a  fixed  electrical  pressure,  and  make 
out  our  account  for  so  many  amp^es  of  current  supplied  at  this 
fixed  pressure,  so  that  even  if  we  are  told  that  we  are  to  charge 
by  energy,  the  pressure  being  thus  fixed,  it  will  be  only  necessary 
for  us  to  measure  the  current.    Therefore  these  beautiful  energy- 
meters  are  unnecessary  as  energy-meters,  and  may  be  simplified 
down,  as  Professor  Perry  proposes,  to  be  current-meters.    I  am  not 
aware  that  the  difficulty  that  Professor  Perry  speaks  of  as  to  the 
varying  pressure  at  different  points,  on  a  long  main  from  which 
many  branches  are  being  fed,  is  at  all  an  insurmountable  one. 
You  will  observe  that  in  all  the  provisional  orders  we  are  allowed 
to  vary  our  pressure  about  10  per  cent.,  that  is,  5  per  cent,  on 
either  side  of  the  standard  "pressure.     This  might  be  a  very 
serious  matter  if  we  had  to  name  one  fixed  standard  pressure  for 
the  entire  length  of  main,  but  this  we  are  not  called  on  to  do. 
We  can  name  the  standard  pressure  for  several  points  on  the 
main,  and  this  removes  a  certain  portion  of  the  difficulty.     The 
arrangement  of  electrical  mains  so  as  to  minimise  this  difficulty 
has  received  my  close  attention,  but  you  must  allow  me  not  to 
describe  this  at  the  present  moment,  although  I  promise  to  do  so 
at  another  date.    I  may  mention  the  difficulty  is  not  so  great  as 
it  appears.    Practically,  we  have  succeeded  in  working  an  instal- 
lation of  considerable  size  within  very  reasonable  limits  of  pres- 
sure.   I  have  one  large  installation  now  at  work  where  there  are 
500  lamps  fixed,  the  length  of  mains  and  branch  wires  being  very 
considerable.    The  standard  pressure  is  59  volts  at  the  lamps,  and 
the  extreme  limit  of  variation  is  from  57  volts  when  the  full 
number  is  on  to  60  volts  when  there  is  only  one  or  two  on,  and 
this  without  any  attention  to  the  speed  of  the  engine,  which, 
having  a  good  governor,  maintains  a  very  constant  speed  through- 
out.   You  will  see  that  the  extreme  variation  in  the  above  case  is 
^mly  about  6  per  cent.,  which  is  less  than  the  variation  which  the 
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provisioiial  orders  contemplated.  I  think  that  when  we  get  to 
large  installations,  in  which  we  shall  have  the  aid  of  electric 
governors  to  so  control  the  steam-engines  that  the  pressure  of  the 
mains  at  the  dynamo  terminals  will  remain  practically  constant, 
we  shall  then  be  able  to  work  well  within  the  limits  of  vari- 
ation from  the  standard  pressures  as  allowed  by  the  Board  of 
Trade  imder  any  ordinary  conditions  as  to  sudden  demand  for 
current,  etc. 

I  do  not  think  we  shall  be  allowed  to  change  our  standard 
pressure  without  long  notice — ^in  tact^  notice  long  enough  to 
enable  our  customers  to  use  up  their  stock  of  lamps,  etc.,  without 
any  great  inconvenience.  You  must  recollect  that  an  incandescent 
lamp  is  really  a  very  practical  means  of  measuring  difference  of 
pot^Ditial  or  electrical  pressure ;  and  although  some  one  has  said 
that  "  we  must  not  expect  the  users  of  the  electric  current  to  be 
all  electricians,'*  yet  I  believe  they  will  all  be  able  to  estimate 
the  difference  of  pressure  between  100  and  110  volts,  for  the 
increase  or  diminution  in  the  brilliancy  of  their  lamps  will  be  a 
sure  guide  to  them  in  this  matter. 

I  shall  be  glad  to  see  these  wonderful  Edison  lamps  referred 
to,  which  admit  of  the  use  of  such  high  pressures,  but  they  are 
a  long  time  coming. 

There  is  no  doubt  whatever  that  our  present  lamps,  which 
reach  ajs  a  maximum  120  volts,  are  of  too  low  resistance ;  and, 
doubtless,  in  the  immediate  future  200  volts  will  be  the  limit,  as 
suggested  by  the  Committee  of  this  Society,  which  has  had  under 
its  consideration  the  subject  of  fire  risks.  This  resolution  of  the 
Committee  will  govern  the  lamps  for  some  time,  but  there  will  be 
no  great  improvements  in  them  until  a  considerable  advance  is 
made.  Therefore  those  remarks  of  Professor  Perry,  although  very 
interesting,  if  we  have  a  system  of  mains  for  power  only,  do  not 
apply  when  we  have  in  contemplation  a  system  of  mains  for 
lighting  as  well  as  power;  for  there  is  no  doubt  but  that  the 
lighting  will  be  by  fax  the  most  important  use  of  the  electric 
current  for  some  time  to  come.  The  public  have  yet  to  be  edu- 
cated to  its  use  for  motive-power.  At  present  it  is  only  in  the 
working  of  small  machines,  such  as  sewing-machines  and  sausage- 
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choppers,  that  the  public  see  a  possibility  of  nsing  distributed 
power ;  but  before  many  years  have  elapsed  I  think  we  shall  see  a 
great  many  more  important  uses  for  electrical  power.    It  is 
impossible  to  overstate  what  may  be  done  in  the  future,  but  there 
is  no  doubt  that  when  the  distribution  of  power  comes  to  take  its 
true  position  in  comparison  with  the  distribution  of  current  for 
lighting  purposes  only,  we  shall  be  compelled  to  use  currents  of 
far  higher  pressure,  and  vary  this  pressure  to  a  far  greater  extent 
than  we  propose  to  do  at  present.    We  must  hope  then  to  have  to 
deal  with  a  Board  of  Trade  and  local  authorities  better  educated 
in  these  matters  than  they  are  at  present.    But,  as  it  is,  we  must 
rest  and  be  thankful  for  some  time  to  come  with  the  limits  of 
pressure  we  have  under  great  difficulties  secured  in  the  provisional 
orders  that  have  been  thus  applied  for.     I  say  secured,  but  I 
must  speak  under  correction,  as  these  limits  are  not  even  yet 
finally  settled. 

Professor  Perry  :  I  agree  with  Mr.  Crompton  that  measure- 
ment of  energy  rather  than  current  will  be  more  important  when 
machinery  is  worked  by  electricity  in  houses  as  well  Ibis  lamps, 
but  he  is  too  favourable  to  my  view  of  the  case  when  he  states 
that  "we  shall  in  the  future  regard  ourselves  as  having  been 
duffers  in  the  cv/rre7vt  year,"  that  is,  in  the  year  when  we 
charged  by  current.  That  future  time  is  rapidly  approaching. 
I  have  been  told,  on  good  authority,  that  in  the  district  which 
is  being  lighted  up  by  the  Edison  Company  in  New  York  there 
are  2,000  motors  driven  by  the  system  actually  in  operation ;  and 
my  informant  says  that  the  Edison  Company  regard  the  electric 
light  as  altogether  a  waste  product,  because  their  sUpply  of  power 
was  going  on  all  day  long,  while  the  electricity  for  lighting 
purposes  was  only  given  out  during  a  certain  interval  in  the 
evening. 

^  Major  R.  Y.  Armstrong,  E.E. :  It  is  so  very  late,  and  the 
meeting  has  heard  so  clearly  all  about  these  different  meters,  that 
I  do  not  propose  to  take  up  its  time  any  longer.  I  would  merely 
ask  Mr.  Crompton  whether,  in  the  views  he  expressed  on  the 
Doint  of  raising  the  difference  of  potential  to  limits  which  he  did 
t  mention,  he  proposes  to  dimish  the  sensitiveness  of  the 
nan  frame  to  the  action  of  these  differences  of  potential  ? 
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And  I  would  ask  Mr.  Shoolbred,  when  he  suggested  that  a 
pressure  of  200  volts  should  be  charged  for  only,  say,  at  two- 
thirds  of  the  price  of  the  same  quantity  supplied  at  100  volts, 
whether  he  has  taken  into  account,  or  has  got  any  data  as  to  the 
deterioration  of  the  cables  caused  by  the  supply  of  electricity  at 
200  volts  ?  So  feur  as  I  am  aware,  experience  of  working  at  this 
pressure  is  limited.  There  is  a  great  deal  of  experience  in 
telegraphic  pressures,  but  they  do  not  reach  200  volts ;  and  what 
the  life  of  a  cable  treated  continually  with  200  volts  will  be,  is, 
I  imagine,  not  within  the  knowledge  of  anybody. 

Mr.  KiLUNGWOBTH  HEDGES :  Mr.  Crompton  has  told  us  how 
the  Electric  Companies  are  prepared  to  treat  the  public :  it  seems 
to  me  that  we  ought  also  to  consider  how  the  public  are  prepared 
to  treat  the  companies.  Those  meters,  in  my  opinion,  are  open 
to  the  objection  that  they  can  be  tampered  with  by  the  scientific 
members  of  the  public.  I  should  like  to  ask  the  gentlemen 
interested  in  these  meters  whether  they  have  taken  any 
precautions  to  prevent  them  being  influenced  by  magnetism  ? 
Suppose,  in  the  case  of  the  vibrating  meter,  that  an  electro- 
magnet was  by  some  means  brought  to  bear  upon  it,  would  its 
influence  stop  the  vibrations?  or,  in  Professor  Perry's  meter, 
would  it  stop  the  hands  of  the  clock  ?  or,  in  another  case,  the 
armature  ?  In  a  gas-meter  its  very  safety  lies  in  the  danger  of 
interference,  so  no  one  cares  to  try  experiments  with  it :  this  is 
not  so  in  a  rotary  electric  meter,  as  the  mere  effect  of  heating 
the  bearings  would  make  it  run  slower,  and  cause  it  to  record  less 
cxurent. 

Another  point  that  occurs  to  me  is,  that  an  enterprising  elec- 
tric light  user  may  find  a  way  of  stealing  electricity  if  we  do  not 
look  out.  He  may  take  a  wire  and  connect  it  to  the  main  before 
it  goes  to  the  meter,  and  to  this  branch  wire  connect  the  lamps 
he  may  wish  to  light  without  paying  for.  I  do  not  see  that  the 
meters  provide  for  such  cases,  and  the  only  plan  would  appear  to 
be  to  employ  a  safety  plug,  which  might  be  arranged  so  that  any 
excess  of  current  passing  beyond  what  was  necessary  would  fuse 
it  and  detect  the  theft.  I  have  experimented  with  many  lead 
plugs  such  as  Edison's,  but  have  been  unable  to  get  one  to  melt 
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satis&ctorily  with  a  given  current.  The  ordinary  plan  is  to  allow 
a  margin  of  50  per  cent,  between  the  melting  point  of  the  ping 
and  the  working  point,  which  wonld  allow  40  per  cent,  of  the 
current  to  be  stolen ;  but  if  something  could  be  got  out  to  melt 
within,  say,  5  per  cent,  margin  of  the  necessary  current,  it  would 
be  a  better  check  on  the  consumer.  My  experiments  lead  me  to 
suppose  that  there  is  no  difficulty  in  doing  this  with  an  improved 
form  of  "  cut-out,"  which,  when  perfected,  I  shall  be  pleased  to 
submit  to  the  Society. 

Professor  Perrt  :  Is  it  not  possible  to  tap  an  ordinary  gas-pipe 
beyond  the  meter  ?  Is  it  not  possible,  also,  to  take  a  gaa-meter 
and  tilt  it  slightly,  and  so  change  the  readings  ?  The  &ct  of  the 
matter  is,  that  the  temptation  is  open  to  a  scientific  man  to 
do  many  such  things,  but  the  scientific  man  is  an  honest  man,  I 
think,  as  a  rule,  and  will  not  use  his  knowledge  for  dishonest 
purposes. 

Mr.  C.  V.  Boys:   I  have  been  frequently  asked  about  the 
probability  of  these  meters  being  tampered  with.     Of  course, 
when  it  is  said  that  the  meter  depends  upon  the  movement  of 
certain  mechanical  parts,  it  is  naturally  thought  that  if  a  magnet 
is  brought  near  it  its  influence  will  be  brought  to  bear,  and, 
therefore,  that  the  meter  can  be  easily  tampered  with.    The  two 
instruments  which  Mr.  Shoolbred  has  described,  the  energy-meter 
and  the  vibrating  meter,  are  not  open  to  this  objection.    I  will 
take  the  energy-meter  first.     The  only  movable  portion  of  it 
consists  of  an  equal  number  of  turns  in  the  movable  part  in 
opi)Osite  directions.    It  is  true  that  if  you  could  probe  a  magnet 
right  into  the  meter  by  boring  a  hole  in  the  case,  then  the 
action  on  one-half  of  the  movable  portion  would  be  very  different 
to  what  it  would  be  on  the  other  half.    But  if  a  magnet  were  put 
outside  the  case  of  the  meter,  its  action  on  the  movable  portions 
would  be  equal  and  opposite,  and  there  would  be  no  effect- 
In  the  case  of  the  vibrating  meter,  the  only  parts  that  are 
made  of  iron  are  the  small  armatures,  which  are  entirely  enclosed 
within  the  electro-magnets,  which  are  very  massive.    If  you  put 
the  whole  instrument  in  a  magnetic  field,  or  put  a  magnet  near 
it,  the  effect  produced  is  that  the  iron  electro-magnets  screen  the 
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armatures  jnst  as  a  conducting  body  connected  with  the  earth 
screens  anything  from  the  action  of  neighbouring  charged  bodies. 
In  neither  case  is  tampering  possible  with  fixed  magnets. 

Mr.  J.  MuNBO:  It  seems  to  me  that  a  thick  soft  iron  case 
would  efiFectiydy  protect  these  meters  from  the  action  of  an 
external  magnet.  In  the  Thomson  marine  galvanometer  the  iron 
case  protects  the  needle  from  the  ship's  magnetism,  and  I  think 
that  an  inch  plate  of  soft  iron  would  screen  most  of  these  meters 
from  the  influence  of  external  magnets. 

Mr.  THOifAS  Fbazeb  :  As  a  stranger,  I  should  like  to  make  one 
or  two  remarks.  I  think  it  is  quite  evident  that  in  supplying  a 
town  or  house  with  electricity,  as  Professor  Perry  has  said, — and  I 
know  many  others  are  of  the  same  opinion, — ^there  can  be  little 
doubt  but  that  ultimately  it  wiU  have  to  be  the  energy  and  not 
the  current  that  shall  be  measured.  And  as  the  energy  can  be 
measured  with  no  greater  difficulty  than  the  current  itself,  there 
is  good  reason  for  charging  upon  the  energy,  or  the  real  value 
that  is  given  out  electrically  to  any  house,  establishment,  or  town. 
I  do  not  think  that  there  ought  to  be  any  difficulty  either  in  the 
selection  of  the  unit  of  work.  Inasmuch  as  the  expression  E  G 
represents  kinetic  kilogrammdtres,  it  would  be  the  easiest  thing 
in  the  world  to  establish  as  the  unit  the  kinetic  kilogrammdtre. 

Professor  Perby  :  It  is  10  volt  ampdres,  I  think,  that  represent 
one  kilogrammdtre. 

Mr.  Frazer:  That  is  simply  obtained  by  dividing  by  Q-  in 
mdtres,  and  is  one  kilogrammdtre  force,  therefore  the  statement 
holds  perfectly  true,  and  you  may  charge  by  kinetic  kilogram- 
mdtres  absorbed.  Energy  should  be  measured,  and  not  current, 
as  it  is  necessary  that  you  should  know  what  you  supply  for  the 
money  charged,  for  your  own  satisfaction.  If  you  simply  measure 
current,  let  us  suppose  you  have  a  system  in  series,  that  is,  with 
houses  or  the  town  supplied  by  one  cable,  with  a  constant  current 
of,  say,  1  ampdre  or  10  ampdres  or  1,000  ampdres.  If  that  current 
of  a  given  number  of  ampdres  went  through  my  house,  in  which 
a  current-meter  was  fixed,  of  course  it  would  show  the  number  of 
seconds,  minutes,  or  hours  that  I  had  used  it,  but  that  would  not 
show  how  much  work  I  had  done  with  that  current.    It  would  not 
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show  you  whether  I  had  burned  one  lamp  or  ten  lamps.  It  would 
not  show  whether  I  had  thrown  down  1  oz,  or  1  lb.  or  10  lbs.  of 
metal ;  for  if  I  sent  it  through  one  tank,  I  should,  according  to  the 
resistance  of  that  tank,  do  a  certain  amount  of  work — ^if  I  sent  it 
through  more,  I  shall  increase  in  proportion  the  work  done.  If  I 
used  the  current  for  n  hours,  I  should  simply  have  the  n  ampdre- 
hours  to  pay  for,  and  therefore  you  who  supplied  the  energy 
to  me  would  charge  for  less  than  the  supply. 

Again,  as  to  working  with  different  electro-motive  forces :  that 
is  a  very  ticklish  point.  It  certainly  would  never  pay  to  lay 
down  cables  for  one  electro-motive  force  and  then  to  use  a  con- 
siderably lower  one.  On  the  other  hand,  it  would  not  pay  either 
to  use  too  great  an  electro-motive  force  with  a  given  cable.  We 
have  companies  who  work  all  over  the  kingdom  at  potentials 
which,  in  my  opinion,  ought  to  be  prevented  by  Act  of  Parlia- 
ment. I  do  not  consider  that  it  is  at  all  safe  to  work  at  2,000 
volts  as  is  at  present  done,  with  what  results  you  already  know. 

Mr.  Alexander  Siemens  :  I  just  want  to  make  a  few  remarks 
in  reference  to  the  current-meter,  not  that  I  am  in  any  way 
opposed  to  energy-meters,  because  I  think  that  form  is  a  good  one. 
But  the  lighting  of  a  large  section  of  a  town  is  simple  in  one 
respect.  We  must  give  all  the  people  the  same  difference  of 
potential,  because,  although  they  have  the  option,  in  practice  they 
will  all  select  one  kind  of  lamp,  and  there  is  no  such  difficulty, 
as  has  been  anticipated,  of  the  difference  of  potential  varying 
in  different  parts  of  the  circuit,  as  a  simple  alteration  in  the 
connections  will  obviate  it.  The  connections  should  be  made  as 
shown  in  sketch. 


By  that  means  all  the  lamps  are  at  the   same   difference    of 
potential,  and  therefore  it  would  be  perfectly  practicable  to  find 
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oat  by  official  tests  what  difference  of  potential  is  nsed  in  a 
certain  system,  and  then  simply  to  introduce  current-meters  for 
determining  the  amount  of  energy. 

Mr.  H.  C.  Q-RANViLLE  asked  Professor  Perry  if  he  did  not 
fear  that  the  clock  meter  would  not  require  a  clock  of  absolutely 
uniform  motion ;  for,  since  the  energy  depended  on  the  loss  in  the 
rate  of  the  clock,  if  the  clock  itself  lost  or  varied  in  its  rate,  an 
error  would  be  produced  in  the  calculation  supposed  to  give  the 
result  of  the  energy  consumed.  Such  a  uniform  clock  was 
practically  impossible,  and  therefore  a  source  of  error  would  exist 
in  the  instrument. 

Professor  Perry  :  The  clock  would  have  a  certain  amount  of 
error,  and  I  think  I  gave  the  indication  of  that  error  when  I  said 
a  308.  clock  would  do.  We  have  gone  into  the  matter,  and  have 
really  found  that  for  our  own  practical  working,  but  only  working 
up  to  not  more  than  two  hours  loss  of  time  per  week,  the  error  in 
the  case  of  a  30s.  clock  was  not  of  such  importance  as  the 
ordinary  error  in  a  gas-meter.  A  308.  clock  will  go  fairly  well, 
and  will  not  lose  more  than  two  minutes  a  week,  and  this  loss, 
compared  with  about  two  hours  a  week  is  quite  an  inconsiderable 
source  of  error. 

Mr.  J.  N.  Shoolbred  said,  that  most  of  the  questions  as  to 
the  construction  of  the  meters  had  been  answered  very  fiilly  by 
Professor  Perry  and  Mr.  Boys.  There  was  one  point,  however,  that 
should,  in  justice  to  the  remarks  in  the  paper,  be  pointed  out, 
particularly  after  what  had  fallen  from  Professor  Perry.  In  the 
paper  it  was  clearly  stated,  that  the  energy  was  the  basis  of  the 
evaluation  of  the  supply,  and  that  the  total  eTurgy  must  be  taken 
into  consideration.  By  the  use  of  the  coulomb-meter  and  unit  of 
graduation,  it  was  never  intended  to  advocate,  that  the  electro- 
motive force  should  be  left  out  of  the  calculation.  But,  since  in 
most  cases  the  authorities  (as  they  did  at  present  with  gas)  would 
see  to  the  observance  of  the  prescribed  pressure,  why  should  the 
consumer  then  be  forced  to  adopt  a  more  expensive  and  compli- 
cated form  of  meter,  in  order  to  take  into  consideration  a  matter 
which  was  abready  allowed  for  in  the  price  of  his  supply  ?  It  was 
to  be  hoped  that,  as  the  importance  of  the  subject  had  been  urged 
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by  several  speakers,  farther  attention  miglit  be  drawn  to  it  by  the 
proceedings  of  that  evening,  and  that  what  had  been  then  oom* 
menced  might  lead  to  a  carefiil  and  complete  solution  of  the 
entire  question. 

The  Pbesident:  We  have  had  from  Mr.  Shoolbred  a  most 
instructive  historical  paper.  It  has  brought  us  along  the  road 
and  left  us  at  a  certain  point,  and  I  am  sure  it  is  very  gratifying 
to  see  what  progress  has  already  been  made. 

Professor  Perry  has  told  us  that  a  30s.  clock  can  be  converted 
into  a  meter  for  electrical  energy  or  current ;  and  Mr.  Crompton 
mentions  that  he  has  an  engine  which  requires  no  attention,  and 
will  keep  up  in  ^the  dynamo  machine  a  steady  tension  oi  57  volts. 

As  to  the  remarks  of  Major  Armstrong  in  connection  with  the 
life  of  a  cable,  that  would  depend  upon  its  conductivity.  If  you 
will  only  set  the  conductivity  to  the  amount  of  current  you  wish 
to  use,  there  is  no  reason  why  the  life  of  a  cable,  used  for  electric 
light  or  power  purposes,  should  not  be  as  long  as  an  ordinary 
submarine  or  other  telegraph  line.  The  hour  is  late,  and  I  will 
add  no  more,  except  to  ask  you  to  give  a  cordial  vote  of  thanks  to 
Mr.  Shoolbred  for  his  kindness  in  bringing  all  these  hda  before 
us,  and  also  to  thank  Mr.  Boys  and  others  for  the  assistance  they 
have  rendered  Mr.  Shoolbred  by  lending  him  their  instruments. 

A  vote  of  thanks  was  heartily  accorded. 

The  meeting  then  adjourned  until  March  8th,  1883,  when,  as 
announced,  a  paper  will  be  read  by  Mr.  J.  Munro  on  some  new 
forms  of  telephone  transmitters,  with  a  note  on  the  action  of  the 
microphone. 
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The  One  Hundred  and  Twentieth  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
8th  March,  1883 — ^Mr.  Willoughby  Sboth,  President,  in  the 
Chair. 

Hie  minutes  of  the  previous  meeting  were  read  and  confirmed, 
and  the  names  of  transfers  and  new  candidates  announced  and 
suspended* 

The  Secretabt  announced  the  receipt  of  donations  to  the 
Library  of  the  Society  from  the  following : — Lieutenant  Bagnold, 
B.K,  M.  N.  de  Eabath,  M.  Angelo  Fahie,  Dr.  Tommasi,  Messrs. 
Eger  &  Brander,  Mr.  C.  J.  Wharton,  Dr.  Spottiswoode,  and 
Mr.  A.  L.  Temant. 

A  unanimous  vote  of  thanks  was  accorded  by  the  meeting  to- 
the  donors  for  their  contributions. 

The  following  papers  were  then  read  :— 

NEW  TELEPHONE  TEANSMTTTEBS. 
By  J.  MuNRO,  Associate. 

Mr.  President  and  gentlemen, — It  was  during  the  well-known 
telephone  trial  of  last  summer*  that  I  began  to  think  of  getting 
out  a  new  transmitter.  Li  order  to  be  a  novel  instrument,  and 
avoid  clashing  with  the  Edisoi;i  and  other  patents,  it  was  necessary 
that  a  new  transmitter  should  fulfil  certain  conditions ;  and  my 
connection  with  the  trial  showed  me  what  these  conditions  were. 

The  broad  claim  of  the  Edison  1877  patent  is  for  the  combinar 
tion  of  a  tympan,  or  drum,  with  a  "tension,"  or,  as  I  would  rather 
call  it,  a  "current"  regulator  of  semi-conducting  material.  The 
particular  material  used  by  Edison  was  lampblack,  a  form  of 
carbon ;  but  the  claim  has  been  held  in  courts  of  law  to  embrace 
all  kinds  of  carbon,  and  might  even  be  extended  to  all  so-called 
"  semi-conductors.'* 

Since  the  memorable  discovery  of  the  microphone  by  Professor 


*  The  United  Telephone  Company  v.  Harrison  Oox  Walker. 
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D.  E.  Hughes,  a  great  many  patents  have  been  taken  out  in 
England  and  abroad  for  carbon  transmitters  of  one  form  or 
another ;  but  the  judicial  supremacy  of  the  Edison  patent  has  in 
general  paralysed  these  eflforts,  and  rendered  the  improvement 
worthless.  It  is  even  doubtful  if  the  substitution  of  protosulphide 
of  copper  for  carbon  by  Mr.  Moseley,  in  a  recent  transmitter,  will 
be  clear  of  the  Edison  claim,  since  that  salt  is  a  semi-conductor. 

I  determined,  therefore,  to  keep  clear  of  semi-conductors 
altogether,  and  if  possible,  too,  of  tympans.  The  transmitters 
which  I  have  the  honour  of  bringing  before  you  to-night  are 
made  of  metal — that  is  to  say,  the  current-regulator  is  formed  of 
<5onductors,  so  arranged  as  to  render  a  tympan  unnecessary. 

Some  experiments  I  had  occasion  to  make  in  the  course  of  the 
telephone  trial  showed  me  the  promise  which  lay  in  metals  as  a 
material  for  transmitters — a  promise  first  discovered  by  Professor 
Hughes  in  his  microphone  researches,  but  neglected  by  electricians 
because  of  the  apparent  advantages  of  carbon.  I  did  not  believe 
that  the  action  of  the  microphone  was  due  to  diminution  of 
resistance  at  the  points  of  contact  by  pressure,  causing  greater  or 
less  area  of  surface  contact,  according  to  the  current  theory  at 
that  time.  It  seemed  to  me  that  the  film  of  air  between  the 
contact  points  played  an  important  part  in  its  action,  and  that 
the  electrodes  of  a  microphone  might  be  of  any  conducting 
substance — ^for  example,  metals — without  destroying  its  peculiar 
power  of  transmitting  sounds.  I  thought,  in  short,  that  the 
current  passing  through  the  air  between  the  loose  contacts  made 
the  sensitive  part  of  the  microphone,  and  that  sound-waves 
traversing  this  film  of  air  would  transmit  themselves  whether  tte 
electrodes  were  conducting  or  semi-conducting,  carbon  or  metal. 

What  kind  of  metal  to  use  and  what  particular  form  to  give  it, 
in  order  to  get  good  articulation  and  durabiUty  of  action,  were 
questions  which  only  experiment  could  answer.  In  working  out 
any  ideas  on  the  subject,  I  had  an  able  colleague  in  Mr.  Benjamin 
Warwick,  whose  zeal  in  these  experiments  has  been  unflagging. 

One  of  the  first  ideas  tried  is  shown  in  Fig.  1,  and,  though  it 
proved  a  failure,  it  was  instructive  in  one  particular.  A  B  is  a  fine 
short  platinum  wire  connected  between  the  poles  of  a  battery,  and 
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carrying  a  sliding  contact  or  chariot,  C,  which  is  connected  by  a 
light  but  stiff  stylus,  S,  to  the  centre  of  a  mica  drumhead  or 
tympan.  On  speaking  against  the  tympan  in  the  direction  of  the 
arrow,  the  stylus  shoots  to  and  fro  like  the  recording  pen  in 
Harlow's  logograph,  and  slides  the  chariot,  C,  up  and  down  the 
wire  to  points  of  greater  or  less  potential.  This  chariot  is  con- 
nected to  one  end  of  the  line,  which  has  a  receiver  at  the  other 
end.  When  there  is  no  circuit  through  the  line,  and  the  device 
acts  by  varying  the  potential  of  the  transmitting  end  of  the  line^ 
a  Dolbear  receiver  or  a  condenser  would  be  used  ;  but  if  a  shunt 
circuit  is  formed  between  the  chariot,  C,  and  one  pole  of  the 
battery  through  the  "primary"  of  an  induction  coil,  while  the 
**  secondary "  is  in  circuit  with  the  line,  a  Bell  receiver  may  be 
used.     • 

On  trying  this  plan,  however,  we  found  that  the  current  varied 
too  regularly,  owing  to  the  chariot  always  moving  in  contact  with 
the  wire.  The  strength  of  current  was  thus  varied  by  easy  grades^ 
after  the  manner  represented  in  Fig.  2.  It  was  not  quickly  and 
abruptly  changed,  as  it  needs  must  be  in  a  good  transmitter,  so 
as  to  render  all  the  sudden  irregularities  of  speech  vibration  shown 
in  Fig.  3,  which  is  copied  from  a  tracing  made  by  Mr.  Barlow's 
logograph  in  this  hall  some  four  years  ago.* 

Tried  with  a  tympan  of  mica  or  ferrotype  iron,  placed 
horizontally,  and  having  a  short  angular  stylus  projecting  up- 
wards from  its  middle  and  rubbing  up  and  down  a  short  platinum- 
iridium  wire  in  circuit  with  7  Bunsen  cells,  imperfect  speech  was 
heard  in  a  Bell  telephone  connected  between  the  stylus  and  one 
pole  of  the  battery ;  but  it  might  have  been  due  to  the  microphone 
contact  between  the  stylus  and  wire.  A  mercury  drop  enclosing 
the  wire  to  act  as  a  chariot  did  not  give  articulate  sounds.  Neither 
did  the  oscillation  of  mercury  up  and  down  a  wire  in  a  capillary 
tube. 

The  sudden  rise  and  fiEill,  the  sheer  descent  of  current,  which 
is  required  for  the  transmission  of  speech,  could  not  be  given  by 

•  See  Jowmal  of  the  Society  cf  Telegraph  Engineers,  Vol,  Vn.,  p.  66. 
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snctk  a  device.*  The  microphone,  however,  gives  it,  and,  as  we 
shall  see,  this  requirement  has  an  important  bearing  on  the  theory 
of  that  instrument. 

The  nse  of  wires  in  these  experiments  led  me  to  the  idea  of 
employing  two  light  wire  gratings  resting  on  each  other  nnder 
slight  pressure,  and  forming  a  metal  microphone  with  multiple 
points.  It  seemed  that  the  light  open  structure  would  allow  the 
sound-waves  to  agitate  the  contacts  without  the  intervention  of  a 
tympan,  and  something  after  the  manner  of  an  iEolian  harp. 

Fig.  4  is  a  transmitter  made  on  this  plan.  It  consists  exter- 
nally of  a  wooden  box,  B,  having  a  mouthpiece,  M,  closed  by  a 
piece  of  match-wood.  Inside  the  box  is  the  microphone,  or  ^  cur- 
rent^regulator,''  which  consists  of  a  piece  of  ordinary  iron-wire 
gauze,  g,  lightly  pressed  against  another  piece,  ^.  The  back 
piece  of  gauze  g'  is  fixed  to  the  back  of  the  case,  but  the  front 
piece,  g,  is  carried  by  a  loose  axle,  a  a,  supported  in  bearings  at 
^ach  end.  From  the  axle  projects  an  arm,  carrying  a  movable 
Coxmterweight,  W,  and  the  downward  pull  of  this  weight,  tending 
to'  lift  the  front  gauze  o£F  the  back,  is  balanced  by  the  force  of 
an  adjustable  spring,  S.  The  pressure  on  the  microphonic  con- 
tacts is  regulated  by  this  means.  The  stops,  p  p,  serve  to  limit 
the  sidelong  play  of  the  axle  carrying  the  movable  gauze,  when 
it  is  found  convenient  to  shift  the  position  of  the  latter  in  a^just- 
mg  the  instrument. 

" '  The  current  enters  and  leaves  the  regulator  by  the  terminals, 
^f  •'  A  small  induction  coil  (not  shown)  is  usually  inserted  between 
€he  transmitter  and  the  line,  the  "  primary  "  of  the  coil  being  in 
circuit  with  the  battery  and  the  regulator,  while  the  "  secondary  ** 
is  in  circuit  with  the  line  wire  and  receiving  telephone. 

On  speaking  into  the  mouthpiece  in  the  usual  manner,  the 
air-waves  set  up  by  the  voice  pass  through  the  two  gauzes,  and 
agitate  the  contacts  between  them,  thereby  modifying  the  current 
so  as  to  make  the  telephone  repeat  the  words.  The  match-board 
diaphragm  is  not  an  essential,  as  the  sound-waves  act  directly  on 


*  This  objection  wotild  also  apply  to  Mr.  Elisha  Gray^  «  wat«r  dippiar  **  and 
teor  Bell*s  «  mercury  and  carbon  dipper.'* 
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the  contacts,  but  it  is  usefdl  in  screening  the  regulator  from  the 
rudeness  of  the  breath,  and  fixing  the  distance  at  which  the 
speaker  should  keep.  A  grating  across  the  mouthpiece  serves 
idmost  as  weU.  To  show  that  a  tjmpan  is  unnecessary,  I  have 
here  a  gauze  regulator  mounted  in  an  open  frame  shaped  like 
a  lyre,  and  on  speaking  to  the  wires  the  sound-waves  agitate  the 
contacts  and  transmit  the  voice*  In  another  form  which  we  have 
constructed,  the  sound-waves  are  reflected  upon  the  regulator  by 
an  acoustic  mirror ;  and  in  a  third  form  the  regulator  is  carried 
by  a  sounding-board.  The  sonorous  properties  of  the  case  may 
also  be  improved  by  the  use  of  sounding-^sts* 

In  fact,  there  are  many  details  of  construction  which  I 
need  not  take  up  your  time  in  describing.  The  pressure  between 
the  electrodes  can  be  regulated  by  means  of  magnetism,  as  well 
as  gravity  or  the  tension  of  a  spring,  especially  when,  as  in  this 
case,  the  metal  employed  is  iron.  The  pole  of  a  permanent 
magnet  presented  to  the  gauzes  will  hold  them  together  with  a 
force  depending  on  the  nearness  of  the  pole.  When  an  electro- 
magnet, E,  is  used  as  in  Fig.  5,  the  current  itself  may  traverse  the 
coil  of  the  magnet,  and  hold  the  gauze  g  against  g'  with  a  force 
which  will  be  stronger  when  the  current  is  stronger,  and  thus 
enhance  the  pressure  of  the  sound-waves,  so  as  to  give  a  more 
decisive  action.  For  since  increased  pressure  of  the  sound  gives 
increased  current  through  the  regulator  and  electro-magnet,  the 
latter  will  react  on  the  gauze  so  as  to  intensify  the  pressure  and 
accentuate  the  voice.  The  electro-magnet,  E,  may  be  the  core 
of  the  induction  coil  used  with  the  transmitter. 

In  his  original  paper  on  the  microphone,  Professor  Hughes 
states  that  the  microphonic  contact  between  two  pieces  of  metal 
should  be  clean,  but  we  find  that  the  gauze  may  be  either  clean 
or  tarnished,  provided  the  rust  upon  it  is  not  so  thick  as  to  nuike 
the  surCetces  adhere  to  each  other. 

Two  pieces  of  gauze  are  not  essential  to  the  transmission  of 
sounds,  as  one  piece  resting  on  a  flat  metal  plate,  either  plain  or 
corrugated,  will  answer ;  so  also  will  two  thin  metal  plates  with 
roughened  surfeu^s.  But  gauze  is  the  most  convenient  and  sue* 
cefii3ful  material  we  have  yet  tried.    Its  sensitiveness  to  tremors  is 


128  HEW  TELEPHONE  TBAK8MITrE£&  \lixt.  Sth, 

remarkable,  and  it  possesses  a  flexible  elasticity,  when  properly 
adjusted,  which  a  continooos  diaphragm  does  not  seem  to  have. 
The  numerous  points  of  contact  which  it  offers  to  the  current,  its 
low  internal  resistance,  its  lightness,  portability,  and  dieapness, 
are  all  in  its  &your  as  a  telephone  transmitter. 

Another  type  of  metal  transmitters  is  shown  in  Figs.  6,  7,  and 
8.  There  B  is  the  case,  as  before,  with  a  match-board  screen,  M, 
and  behind  it  a  flat  sounding-board  carrying  a  metal  microphone, 
i,  with  its  adjusting  spring,  S.  An  induction  coil,  D,  having  its 
"  primary  "  in  circuit  with  the  microphone  and  battery,  and  its' 
secondary  in  circuit  with  the  Une,  is  also  contained  in  the  case. 
The  microphone  is  formed  of  a  light  metal  bar,  i^,  resting  by  its 
ends  in  holes  drilled  in  two  metal  blocks,  i  i\  Figs.  7  and  8.  An 
adjusting  screw,  s,  regulates  the  pressure  between  the  bar  and  its 
bearings.  The  metal  found  most  suitable  is  common  cast-iron, 
which  may  either  be  clean  or  slightly  tarnished. 

On  speaking  into  the  mouthpiece  the  vibration  of  the  sound- 
ing-board causes  the  iron  contacts  to  transmit  the  voice.  A  little 
clock  oil  applied  to  the  bearings  serves  to  remove  the  ^'boiling" 
or  ^^ buzzing"  sound  which  is  apt  to  spoil  the  action  of  the 
transmitter.  Clock  oil  is  chosen  because  it  does  not  freeze  in 
winter,  and  because  it  will  preserve  the  iron  from  further  rusting ; 
but  other  liquids  are  found  to  answer  the  same  purpose. 

The  sounds  given  by  the  cast-iron  is  loud,  clear,  and  buoyant, 
but  the  proper  adjustment  of  this  form  of  transmitter  is  not  so 
easy  and  abiding  as  that  of  the  gauze  type  above  described. 

A  third  type  of  transmitter  is  shown  in  Fig.  9.  In  this  the 
current-regulator  consists  of  metal  granules,  m,  enclosed  in  a  box 
between  two  metal  plate  electrodes,  e  e^y  connected  to  the  terminals, 
t  If.  The  back  of  the  box  may  either  be  of  wood  and  the  front 
of  wire  gauze,  or  both  may  be  of  sonorous  wood.  Iron  or  brass 
filings  and  turnings  serve  as  metal  grains,  especially  those  with  a 
good  deal  of  inherent  resilience,  or  spring ;  but  a  pile  of  small 
:J-inch  screw  nails,  or  a  grit  of  "  spongy  iron,"  give  better  results. 
Spongy  iron,  having  a  rough  surface,  approximates  to  carbon  in 
its  action.  To  reduce  the  boiling*or  buzzing  sound  caused  by  the 
'H>ntinual  trembling  of  the  particles,  we  sometimes  immerse  them 
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in  a  liquid,  such  as  alcohol  or  thin  oil.  The  liquid  must  not  be 
viscous,  else  the  vibration  of  the  particles  is  clogged,  and 
articulation  ceases.  Castor  oil,  for  example,  or  glycerine,  reduces 
the  transmitter  to  silence.  The  removal  of  the  buzzing  in  this 
way  always  appears  to  be  at  the  expense  of  loudness  in  the 
articulate  sounds.  The  steadying  effect  of  the  liquid  on  the 
deUcate  microphonic  contacts  is  not  its  cmly  influence,  for,  besides 
acting  as  a  fine  vibrator,  it  preserves  the  contacts  from  fouling 
overmuch,  or  from  sticking  together  in  the  way  investigated  by 
Mr.  Stroh.* 

I  may  add  that  I  have  found  some  kinds  of  vmting-ink 
transmit  speech  when  held  in  a  box  like  that  described. 

A  fourth  type  of  transmitter  is  that  shown  in  Fig.  10,  where 
B  is  a  box,  as  before,  vrith  a  mouthpiece,  M,  and  an  induction  coil, 
D.  The  mouthpiece  in  this  case  is  closed  by  a  tympan  connected 
at  its  centre  to  a  metal  chain,  or  strip  of  chain  mail,  c  c%  which 
is  strained  by  the  springs,  8  8%  and  the  tie,  /.  This  chain  is  the 
current-regulator,  and  is  traversed  by  the  current.  Between 
every  two  links  there  is  a  microphonic  joint.  The  vibration  of 
the  tympan,  on  speaking  in  front  of  it,  tightens  or  slackens  the 
chain,  thereby  operating  the  current-regulator  and  transmitting 
the  sounds.  The  pressure  between  the  links,  which  by  preference 
are  of  iron,  is  regulated  by  adjusting  screws. 

Apart  from  their  value  as  practical  instruments,  whatever 
that  may  turn  out  to  be,  these  transmitters  are  instructive  in  a 
scientific  sense.  They  show  that  metal  contacts  are  quite  capable 
of  transmitting  speech,  and  that,  contrary  to  the  doctrines  of  more 
than  one  eminent  scientist,  carbon  has  no  monopoly  of  articulation. 
There  has  been  a  tendency  of  late  to  minimise  the  great  discovery 
of  Professor  Hughes,  and  regard  the  microphone  as  a  mere  variety 
of  the  Edison  carbon  transmitter.  Sir  William  Thomson  himself 
appears  to  share  this  view,  for  he  has  stated,  under  examination, 
that  he  does  not  think  the  discovery  of  the  microphone  was  any 
important  advance  beyond  the  carbon  telephone.  The  part  played 
by  metals  in  the  microphone,  a  part  undreamt  of  until  Professor 

«  Bee  JowmoX  tf  ih$  dooiety  of  TtiUgra^h  Bngineert,  YoL  IX.,  p.  182. 
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Htighes'  discoveiy,  hAs  been'  Intiieito  ignored.  In  .pc»nt  of 
hxAf  howeyer^  it  is  more  thanhalf  of  ProfiMSor  Hughes'  diflcovayy 
aa  tbeee  metal  transmitten  demonstrate^  For  the  carbon  n^oio-. 
phone  ia  now  shown  to  be  only  mid  illustration  of  Professor 
Htighes'  wide  discovery,  that  a*  delicate  contact  between  any  two 
oeiiduotors jhas  the  prepay  of  trans&iitting  sounds.^  The  Bois 
original  tiansmitter,  wiiih»a  'deUoafteplathiiun  joint,  is  seen  to  have 
been  another  iUnstration  of  the  same  phenomenon.  Profeasinr 
Siivanns  Thompson  has  recently  presented  proof  thait  Beis  did 
send  articulate  words  by  his  transmitter ;  and  I  believe  there  is  no 
doubt  he  did.  I  have  myself  h^urd  by  telephone,  and  understood, 
single  words  spoken  direct  to  the  platinum  contact  of  a  Beis 
transmitter.  Beis,  then,  employed  a  platinum  mksrophone,  without 
knowing  it^  as  early  as  1861 ;  and  Edison  nsed  a  carbon  micro- 
phone, without  knowing  it,  in  1877.  The  discovery  of  Professor 
Hughes,  in  1878,  threw  a  flood  of  light  on  both  inventions. 

The  action  of  tarnish  was  probably  not  observed  before  the  ezy 
periments  of  Mr.  Warwick  and  myself,  as  both  Profiessor  Hughes 
and  Herr  Beis  were  careful  to  have  dean  contacts.  Even  Mr. 
Edison,  in  his  long  catalogue  of  materials  claimed  for  his  trana- 
mitter,  and  numbering  nearly  all  kno^  substances,  as  well  as 
several  which  remain  to  be  discovered  (either  in  this  world  or  the 
next),  does  not,  I  believe,  mention  rust. 

I  have  some  working  specimens  of  the  transmitters  on  the 
toble,  for  the  inspection  of  the  meetinjg,  together  with  samples  of 
the  gauze,  spongy  iron,  and  other  materials  employed  in  making' 
them.  Two  of  the  wire  gauze  transmitters  are  also  connected  up 
with  telephones  betwe^i  the  ^council  room  below  and  the  lecture 
hall^  in  drder  that  members  may  have  an  opportunity  of  hearing 
them  speak  at  the  close  of  the  proceedings. 

I  have  another  and  supplementary  communication  to  make  att 
the  theory  of  the  microphone,  but  I  would  rather  defer  it  until 
after  the  discussion  on  these  ajqparatus. 
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SiJPPLEMENTAEY  NOTE  ON  THE  ACTION  OF  THE 

MICBOPHONE. 

My  first  intention  was  only  to  bring  the  metal  microplione 
tiansinitters  to  yonr  notice  this  evening,  but  perhaps  something 
might  be  said  in  addition  on  the  current  theories  of  the  action 
<^  the  microphone  from  the  point  of  view  of  these  tomsmitters. 

.  The  original  theory  of  Edison,  that  it  is  due  to  a  reduction  of 
the  intemaX  resistance  of  carbon  by  piessure,  is  probably  not 
maintained  any  longer,  in  bee  of  the  numerous  experiments 
flliGwing  that  there  is  exceedingly  little,  reduction,  if  any.    Then 
there  is  a  theory,  supported,  I  believe,  by  Sir  William  Thomson^ 
that  the  action  is  due  to  an  ihcrease  or  diminution  in  the  area  of 
surCace-contact  produced  by  increase  or  diminution  of  pressure. 
But  how  the  area  of  contact  is  to  vary  in  simple  ratio  to  the 
sar&oe-{>res8ure  is  a  puzzle  in  this  theoiy  which  is  difficult  to  see 
through.    A  third  theory,  due  I  believe  to  Mr.  Preece,  is  that 
the  microphone  acts  by  heating  at  the  points  of  contact  when  the 
cnirent  passes.    I  have  not  seen  this  theory  developed  anywhere, 
and  may  not  understand  how  the  heating  is  supposed  to  act;  but 
if  it  acts  by  altering  the  resistance  of  the  points,  then  in  the  case 
of  carbon  we  have  a  diminution  of  resistance,  and  in  the  case  of 
mel^ls,  more  especially  iron,  a  rise*     Yet,  as  we  have  seen^  metal 
points,  as  well  as  carbon  ones,  act  as  transmitters.    The  theoiy, 
then,  does  not  seem  to  fit  both  classes  of  instruments.    Agam,  it 
does  not  seem  probable  that  the  variations  of  temperature  can  be  so 
quick  and  sudden  as  the  transmission  of  sonorous  currents  requires. 
The  logograph  curve  shows  that  a  jerky  action  is  necessary,  and 
the  heating  and  cooling  of  a  body  must  be  more  or  less  gradual. 
Another  reading  of  the  theory  may  be  that  the  heated  points  are 
of  a  spongy  nature,  and  more  sensitive  to  pressure ;  but  here 
again  it  is  difficult  to  see  how  the  e£Fect  can  be  in  simple  ratio  to 
the  pressure.    A  fourth  theory,  supported  by  Professor  Hughes 
and  Professor  Blyth,  and  probably  first  intimated  by  Mr.  F.  H. 
Yarley,*  attributes  the -action  of  the  microphone  to  a  small  arc 


•  See  EUckical  Review,  Vol.  YI.,  p.  404. 
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formed  between  the  points,  and  this  appears  to  me  a  likelier  hypo- 
thesis. But  I  would  propose  a  modification  of  it,  and,  instead  of 
an  ^^arc,"  in  the  ordinary  sense,  consider  the  cause  a  ^^ silent"  dis- 
charge through  the  film  or  stratum  of  air  or  liquid  between  the 
points,  after  the  manner  of  a  lightning  guard.  With  a  strong 
current  one  can  see  sparks  passing  between  the  points  of  the 
microphone,  but  this  momentary  arc  is  due  to  excess  rather  than 
to  normal  action.  The  normal  action  is  evidently  produced  by 
a  silent  discharge  going  on  between  numerous  tiny  projections  on 
the  carbon  points,  which  in  this  respect  resemble  the  corrugations 
or  spines  in  two  well-known  forms  of  plate  lighting  arresters  used 
in  telegraphy.  We  have  to  figure  to  ourselves  the  microphone 
points  covered  with  irregular  projections  which  do  not  touch  each 
other,  but  are  bathed  in  the  surrounding  air  and  ether.  These 
projections,  like  the  points  of  a  lightning  arrestor,  are  constantly 
discharging  little  jets  of  current  from  one  to  the  other  across  the 
air  between.  But  the  action  of  the  sound-waves  is  to  move  them 
to  and  from  each  other,  thereby  increasing  and  lessening  the  width 
of  the  air  stratum,  and  varying  the  strength  of  the  discharge. 
When  this  vibration  is  clogged  by  a  viscous  liquid,  the  sounds  are 
muffled  and  indistinct. 

The  "boiling"  or  "  buzzing"  of  a  metal  transmitter  not  pro- 
perly adjusted  reveab  this  "  silent "  discharge  from  a  multitude 
of  points.  The  ear  hears  in  the  telephone  a  peculiar  soft  noise, 
quite  indescribable,  but  apparently  made  up  of  a  million  feeble 
ticks,  the  feeblest  the  ear  can  appreciate.  Each  tick  seems  to  be 
caused  by  an  infinitesimal  discharge  between  two  lit€le  points, 
and  the  agitation  of  these  points  causing  the  discharge  is  the 
perpetual  tremor  going  on  in  all  substances,  especially  elastic 
metab.  A  slight  pressure  applied  to  the  microphone  quiets  this 
discharge  and  leaves  the  sonorous  vibrations  to  act  by  themselves 
in  disturbing  the  flow  of  electricity  through  the  air.  It  silences 
the  buzzing  of  the  crowd,  as  I  may  call  it,  and  allows  the  voice  of 
the  speid^er  to  be  heard. 

If  the  sonorous  waves  are  too  violent,  the  points  are  separated 
too  £eu:,  the  contact  is  broken,  and  a  sharp  click  is  heard  in  the 
telephone.    This  is  due  to  the  stoppage  of  the  discharge,  and  is 


1888.]  NEW  TELEPHONE  TEAN8MITTEES.  18S 

compar&ble  to  the  "  click  "  beard  by  Mr.  Stroh  in  the  experiments 
referred  to,  when  the  current  was  stopped  in  the  metal  contacts. 
It  is  the  sound  heard  on  a  larger  scale  on  stopping  the  current  in 
an  arc  lamp.  It  seems  to  me  an  e£fect  of  the  rarefied  arc  rather 
than  the  heated  points ;  for  if  it  were  due  to  shrinking  of  the 
points  it  would  be  observable  in  an  incandescent  wire  on  stopping 
the  current  through  it.  My  opinion  is  that  the  rarefaction  of  the 
air  and  ether  caused  by  the  discharge  is  the  true  source  of  this 
effect.  When  the  current  suddenly  ceases,  the  rarefied  gas 
collapses,  and  equilibrium  of  fluid  pressure  is  restored.  Of  the 
attraction  caused  by  the  discharge  between  the  points,  I  do  not 
now  propose  to  speak,  further  than  to  point  out  that  it  un- 
doubtedly exists,  and  that,  just  as  the  two  carbons  in  an  electric 
lamp  tend  to  come  together,  so  doubtless  do  the  two  electrodes 
of  a  microphone.  It  is  perhaps  caused  by  the  reduction  of  ether 
pressure  between  the  points.  Mr.  Stroh  attributes  the  sticking 
of  electrodes  to  heat  and  welding ;  but  this  feeble  electric  attrac- 
tion has  probably  been  overlooked. 

I  should  like  the  President  to  hear  this  peculiar  buzzing  sound 
and  the  click  caused  on  breaking  contact.  I  have  therefore 
arranged  a  microphonic  contact  between  a  piece  of  iron  wire 
gauze  and  another  piece  of  copper  gauze.  The  contact  is  con- 
nected in  circuit  with  a  single  cell  and  a  telephone.  On  agitating 
it  a  buzzing  sound  is  produced,  and  on  breaking  contact  altogether 
a  click  is  heard.  Only  the  other  day  I  found,  as  I  expected,  that 
heating  the  contact  by  a  spirit  lamp  increases  the  buzz,  or 
breathing  sound,  by  facilitating  the  discharge.  [Experiment 
shown.]  Thus,  when  I  apply  the  lamp  flame  to  the  contact,  the 
telephone,  before  silent,  begins  to  sigh,  with  increasing  loudness, 
and  gradually  becomes  silent  again  when  I  remove  the  flame  and 
allow  the  contact  to  cool. 

With  two  pieces  of  iron  wire  gauze,  one  delicately  resting  on 
the  other,  I  have  sometimes  obtained  this  breathing  sound  very 
perfectly  without  the  application  of  heat.  In  loudness  it  re- 
sembled the  rushing  of  a  strong  wind.  The  slightest  oscillation 
of  the  upper  gauze  until  it  came  to  rest  was  rendered  in  the 
telephone.    Even  the  periodic  tremors  of  my  hand,  in  contact 


^th  the  table,  were  distinctly  given,  and  broke  up  the  blast  like 
the  puffing  of  an  engine. 

The  application  of  heat,  by  the  spirit  flame,  to  two  pieces 
of  wireganze  in  ccmtact,  increases  the  microphonic  action  between 
them  in  a  similar  manner,  as  can  be  shown  by  placing  the  spirit 
lamp  below  such  a  cdntact.  When  the  flaine  is  applied  to  the 
metal  so  as  to  heat  the  contact,  the  tapping  of  my  hand,  as  heard 
in  the  telephone,  becomes  lender,  and  gradually  dies  off  Yfb&i  the 
flame  is  removed.  Hot  metals  and  flame  are  known  to  discharge 
electricity  better  than  cold  metals,  and  hence,  in  all  probability, 
the  slow  discharge  of  the  microphone  is  accelerated  by  this  means. 

Heating  the  contacts  can  of  course  be  applied  to  the  metal 
transmitters  which  I  have  shown,  especially  the  gauze  forms ;  bat 
I  have  not  yet  had  time  to  properly  try  this  plan.  The  superiority 
of  iron  in  these  transmitters  may  be  due  to  the  ease  with  which 
it  discharges,  as  compared  with .  the  other  metals  tried ;  but 
heating  facilitates  the  discharge  of  other  metals  besides  iron.  A 
transmitter  of  platinum  wire  gauze,  which  would  not  oxidise  in 
the  flame,  as  does  copper,  for  example,  might  therefore  be  con- 
structed ;  the  spirit  lamp  being  fed  from  a  reservoir  attached  4o 
the  case  and  lighted  at  will  by  an  electric  current  sent  through  a 
platinum  wire  on  touching  a  press-button,  or  in  the  act  of  un- 
hooking the  telephone  receivers  from  the  case  in  order  to  converse. 

When  the  microphonic  contact  is  formed  by  two  different 
metals,  the  application  of  heat  generates  its  own  current  by 
thermo-electric  action.  I  have  here  a  contact  formed  of  iron  and 
G-erman  silver,  and  on  applying  the  spirit  lamp,  and  tapping,  we 
hear  the  t^)s  in  the  telephone.  In  Dr.  Mathiessen's  scale  of 
thermo-electric  effects,  bismuth  ranks  25,  Qerman  silver  5*2,  and 
iron  5.  I  have  not  yet  made  a  thermo-electric  microphone  to 
speak  well,  partly  because  iron  and  German  silver  do  not  give  a 
very  loud  effect,  and  bismuth  is  difficult  to  get  in  a  workable 
shape ;  but  I  hope  soon  to  try  the  effect  of  bismuth  gauze  resting 
upon  iron  gauze,  and  artificially  heated. 

The  recent  experiments  of  Mr.  Shelford  Bidwell,  communi- 
cated to  the  Boyal  Society  on  January  18th,  1883,  appear  to  me  to 
bear  out  the  theory  that  the  microphone  acts  mainly  through  the 


«ir  dbcharge  between  the  points.  Thus  he  finds  that  the  resistr 
aaoe  of  the  contacts  varies  greatly  iriith  the  strength  of  onrrent 
when  the  pressure  is  small,  and  very  slightly  when  it  is  great7«- 
that  is  to  say,  when  the  film  of  air  is  squeezed  ont.  On  reducing 
the  pressure  (with  carbon  at  least),  the  resistance  of  the  contact 
increases.  Again,  the  resistance  of  the  contact  diminishes  with 
increased  current,  an  effect  also  noticed  in  the  voltaic  arc. 
Further,  Mr.  Bidwell  finds  that  ^^when  the  strength  of  current 
exceeds  a  certain  limit  the  resistance  is  greatly  and  permanently 
increased;  the  greater  the  pressure  the  higher  will  be  such  limit." 
This  unexpected  effect  is  difficult  to  explain  on  any  theory  but 
that  of  the  ^^air  discharge."  May  it  not  be  due  to  a  counter- 
electro-motive  force  generated  by  the  discharge.  M.  Edlund  finds 
that  a  resistance  is  set  up  at  the  electrodes  by  a  discharge  in 
rarefied  air;  and  the  effect  observed  by  Mr.  Bidwell  may  be  a 
similar  one. 

In  his  paper  to  the  Boyal  Society,  Mr.  Bidwell  gives  reasons 
for  the  superiority  of  carbon  over  metals  in  the  microphone.  He 
says :  ^  The  mere  &ot  that  a  current  causes  delicately  adjusted 
metal  contacts  to  adhere  to  each  other  is  sufficient  to  account  for 
the  superior  effidency  of  carbon.  A  metal  mi(a:ophone  might, 
indeed,  be  used  to  transmit  the  pitch  of  a  sound,  provided  that  its 
vibrations  were  sufficiently  powerful  to  cause  actual  separation  of 
the  points  of  contact.  The  fundamental  tone  might  in  this  way 
be  conveyed;  but  it  is  clear  that  the  minute  superimposed  vibra- 
iions,  due  to  the  upper  partials,  upon  which  depends  the  distinctive 
character  of  a  particular  sound,  would  be  very  imperfectly  repre- 
sented, if  not  entirely  lost." 

I  can  only  say  that  we  have  not  found  the  adhesion  of  contacts 
in  these  metal  transmitters  troublesome,  although  iron,  according 
to  Mr.  Stroh's  experiments,  has  a  very  high  adhesive  power.  If 
the  battery  power  is  not  too  great,  and  the  pressure  on  the  contact 
is  not  excessive,  there  will  be  no  sticking  of  the  points. 

On  the  question  whether  a  metal  microphone  can  convey  the 
human  voice,  I  will  leave  the  transmitters  to  speak  for  themselves ; 
^ut  I  may  say  that  shrill  or  high-pitched  voices,  like  those  of 
women  and  children,  seem  to  come  out  best.     This  appears  to 
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be  due  to  the  tBLct  that  the  discharging  distance  in  the  ca 
metals  is  very  small,  and  the  contacts  should  not  swing  toi 
apart.    In  a  female  voice  there  are  twice  the  number  of  vibra| 
per  second  as  compared  with  the  male  voice,  and  the  metal  pt 
must  vibrate  in  very  close  proximity  when  a  woman  speaks  to 
instrument.    The  same  peculiarity  is,  I  believe,  observed  \ 
carbon  microphones,  and  any  advantage  carbon  may  have  in  \ 
respect  will  lie,  I  think,  in  the  greater  width  of  arc  or  discharj 
distance  which  it  can  sustain  by  reason  of  the  cloud  of 
particles  carried  by  the  current  between  the  contacts.     I 
add  that  the  conducting  fames  in  the  heated  metal  microph 
evidently  enable  these  to  sustain  a  longer  arc  than  if  t 
were  cool. 

So  marked  is  this  difference  between  male  and  female  voiol 
that  on  some  of  the  forms  of  transmitter  I  have  shown  iti 
possible  to  hear  a  female  voice  with  singular  clearness  when  a  m^ 
voice  cannot  be  understood  without  altering  the  adjustmefl 
But,  of  course,  a  transmitter  purely  for  female  voices  would  not  \ 
very  practicable,  at  lectst  in  our  day.    It  would,  indeed,  be  possid 
to  have  two  transmitters,  one  for  male  and  the  other  for  femal 
voices,  connected  at  each  end  of  the  telephone  line,  so  that  a  ma| 
might  speak  into  one,  and  a  woman  into  the  other.     But  thea 
would  still  remain  the  insurmountable  difficulty  of  providing  fm 
the  anomalous  case  of  a  youth  whose  voice  was  in  the  act  q| 
breaking.    It  would  be  too  much,  gentlemen,  to  ask  him  to  fl| 
from  one  instrument  to  another  when  his  voice  took  a  turn  in  ond; 
direction  or  the  other,  even  if  he  knew  when  the  anomaly  waa^ 
coming  on.      Fortunately,  however,  the   gauze    transmitter  ifi 
available  for  all  kinds  of  voices  when  properly  adjusted ;  and  the 
same  may  also  be  said  for  the  other  forms.    For  male  voices  more 
pressure  is  required  on  the  contacts ;  but  when  once  an  instm- 
ment  is  adjusted  for  a  middle  voice,  it  will  convey  others  of  a 
higher  and  lower  pitch.    Thus  a  transmitter  set  to  an  alto  voice 
will  also  serve  for  bass  and  treble  speakers. 

The  President  :  Mr.  Munro  has  given  us  a  very  good  paper, 
and  I  congratulate  him  on  the  clear  and  distinct  way  in  which  he 
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has  read  the  same.  There  can  be  no  doubt  about  the  importance 
of  the  subject,  for  the  time  is  not  far  distant  when  the  microphone 
and  telephone  will  play  an  important  part  in  our  telegraphic 
systems.  A  good  discussion  is  sure  to  follow  a  paper  of  this 
importance,  and  I  shall  be  glad  to  hear  any  remarks  which  gentle- 
men  present  may  wish  to  make. 

Professor  D.  E.  Hughes,  F.R.S. :  I  am  not  very  fond  of  enter- 
ing into  discussions  of  any  kind,  but  really  I  think  Mr.  Munro 
has  on  this  occasion  brought  something  rather  original  in  micro- 
phones. I  have  seen  so  many  microphones,  which  have  been 
always  the  same  thing  over  and  over  again,  that  I  could  not 
discuss  them.  The  point  brought  out  to-night  by  Mr.  Munro  is 
one  which  I  tried  to  point  out  in  my  first  paper,  viz.,  that  by 
means  of  metal  contacts  we  could  transmit  speech  just  as  well  as 
carbon,  by  employing  a  number  of  contacts.  I  remember  showing 
at  Mr.  Preece's  house,  before  I  brought  the  paper  out  (and  I  think 
he  was  very  much  astonished  at  it),  that  if  several  nails  were  placed 
together  and  spoken  to,  they  would  transmit  the  voice ;  and  that, 
I  think,  was  the  first  metal  microphone  Mr.  Preece  had  seen.  I 
have  not  heard  Mr.  Munro's  transmitter  yet,  but  I  am  anxious 
that  he  should  continue  his  experiments,  because  they  tend  to 
prove  completely  the  theory  I  have  previously  put  forward.  I 
tried  gauze  once,  but  the  experiment,  being  a  hurried  one,  was 
not  successful.  I  tried  everything,  and  everything  that  was  a 
conductor  of  electricity  and  had  a  loose  contact  spoke ;  and  I  have 
never  seen  anything  having  a  loose  contact  that  would  not  speak 
to  a  greater  or  less  extent.  Some  of  Mr.  Munro's  experiments 
are  so  exactly  similar  to  those  I  have  made,  that  I  can  almost 
recognise  them  as  my  own ;  but  I  will  give  no  opinion  on  the 
gauze  transmitter  until  I  have  heard  it. 

It  is  unfortunate  that  the  two  papers  are  so  much  mixed 
together,  because,  though  I  quite  agree  with  Mr.  Munro  in  the 
construction  of  his  microphone,  I  cannot  well  agree  to  his  theory 
of  its  action.  Every  one  has  a  right  to  his  own  theory.  I  have 
tried  very  hard  to  find  out  the  true  cause,  but,  after  all  the 
experiments  I  have  made,  I  am  not  yet  prepared  to  write  the 
theory  of  the  microphone.    It  is  a  very  complicated  matter.    It 
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may  be  tarae,  at  Mr.  Mmuo  fRipposes,  that  air  is  between  the 
contact  points^  bat  that  necessitates  taking,  fcr  granted  the  iaot 
that  air  does  condnct  electricity  at  a  certain  distance,  and  this  has 
not  yet  been  proved.  If  two  plates  are  insulated  from  each  other 
by  air,  we  have  no  proof  that  electricity  will  be  conducted  ^th 
sufficient  force  to  work  a  microphone. 

Mr.  MuNBO :  Within  sparking  distance. 

Professor  D.  £.  Hughes:  Yes.  If  we  lay  sorfisu^s  on  one 
another,  a  certain  effect  takes  place ;  and  I  have  tried  to  find  out 
if  it  is  sur&ce  effect,  as  Sir  William  Thomson  has  supposed.  J 
find  that  a  needle  point  will  speak  just  as  well  as  the  largest 
surfistce.  In  every  microphone,  if  well  adjusted,  as  they  ought  to 
be,  a  peculiar  buzzing  is  heard,  as  though  a  transference  of  matter 
were  going  on;  and  that  can  be  understood,  for  we  know  that  on 
the  separation  of  two  surfaces  through  whic^  a  current  is  passing 
an  arc  follows.  Dr.  Warren  De  la  Bue  and  I  have  made  exp^- 
ments  in  that  direction,  and  it  can  be  readily  imagine4  that  when 
two  surfaces  touch,  as  in  arc  lamps,  and  are  then  separated,  an 
arc  will  follow.  Then  comes  the  question.  Can  an  arc  transmit 
the  voice — ^is  it  sufficient  ?  That  has  been  already  proved  by 
M.  Ader  in  Paris,  who  has  spoken  with  a  large  arc,  and  also  by 
Professor  Blyth;  but  the  difficulty  with  an  arc  of  some  milli- 
mitres  is  in  the  enormous  buzzing  that  occurs..  Dr.  De  la  Rue 
has  made  many  experiments  with  myself,  as  we  are  both  interested 
in  following  up  this  point,  and  we  have  made  arcs  in  vacuum 
tubes,  and,  when  the  tubes  were  spoken  to,  could  distinctly  hear 
the  vibration.  We  have  measured  extremely  small  arcs  of  -pAnr 
of  a  millimetre,  observing  by  means  of  a  microscope,  but  the 
transferrence  of  matter  which  always  takes  place  in  an  arc  pre- 
vented any  exact  measurements.  The  microphonic  contact  does 
not  obey  the  laws  of  ordinary  conductors,  but  it  altogether  obeys 
the  laws  of  the  electric  arc.  We  have  experimented  with  arcs 
with  a  resistance  of  5,000  ohms,  and  arcs  with  a  resistance  of  1, 
2,  or  3  ohms,  so  that  the  resistance  of  an  arc  may  vary  to  any  con- 
ceivable extent*  I  must  confess  that  until  a  thing  is  proven  I  do 
not  like  to  speak  of  it ;  and  although  we  have  made  a  sufficient 
number  of  experiments  to  convince  almost  any  person  except 


myself,  I  hentate  to  bring  them  forward  mitil  the  demonstratton  is 
ta  my  mind  complete.  I  should  like  to  hear  Mr.  Preece  and  other 
gentlemen  who  hold  different  views,  and  I  thank  Mr.  Mnnro  for 
having  brought  this  very  interesting  microphone  befi^e  us  this 
evening,  and  hope  to  hear  it  after  the  dose  of  the  proceedings. 

Mr.  W.  H.  Preege,  F.B.S. :  There  are  so  many  interests  in- 
volved in  the  question  brought  before  us  by  Mr.  Munro,  that  I 
hesitate  veiy  much  to  express  any  opinion  on  those  pc^ts  that 
may  sooner  or  later  have  to  be  discussed  in  a  court  of  law.  There 
may  be  some  "  chiel  amang  ye  takin'  notes,"  and  I  should  not  like 
at  any  fature  Say  to  be  served  with  a  subpoena  in  consequence  of 
any  hasty  expression  that  I  may  have  given  vent  to  here.  I  have 
not  had  the  opportunity  before  of  reading  Mr.  Munro's  paper,  but 
I  have  listened  to  it  with  a  great  deal  of  interest,  and  I  can,  like 
Professor  Hughes,  compliment  him,  not  only  upon  having  brought 
before  us  something  new,  but  on  having  brought  it  before  us  in  a 
very  clear,  able,  and  scientific  way.  I  do  not  agree  with  all  he 
says,  especially  on  the  theoretical  part.  I  have  not  said  much  on 
the  theoretical  question  for  two  reasons.  Firstly,  because  I  hate 
theory.  All  young  men  who  first  start  in  the  study  of  electrical 
science  invariably  indulge  fi-eely  in  theory.  I  did  so  in  my  earlier 
days,  and  I  have  had  to  revise  my  words  very  often,  and,  now  I 
am  getting  a  little  older,  I  am  rather  more  chary  of  discussing, 
or  even  entering  into  theory.  I  feel  that  what  we  have  to  do  now 
is  rather  to  accumulate  facts,  and  to  leave  those  who  have  the 
time,  and  the  leisure,  and  the  authority,  to  mould  these  &cts  into 
some  particular  shape.  The  man  of  all  men  who  ought  to  study 
all  these  facts,  and  who  ought  to  string  these  facts  together  and 
produce  some  theory  out  of  them,  is  Professor  Hughes  himself. 
Whatever  views  and  whatever  opinions  I  may  ever  have  held  upon 
the  microphone,  I  have  fi*eely  given  them  to  Professor  Hughes, 
and  we  have  had  some  very  noisy  and  earnest  discussions  on  some 
of  these  x)oints. 

Now  then,  as  regards  the  instruments  themselves,  it  appears 
to  me  that  the  whole  phenomena  embraced  by  these  carbon  trans- 
mitters, or  microphones,  or  whatever  they  may  be  called,  was 
summarised  by  Professor  Stokes  when  he  said  that  they  were 
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mere  phenomena  of  loose  contact."  What  we  have  to  find  is 
what  are  these  phenomena  of  loose  contact  which  reproduce  sonnd 
at  a  distance.  We  have  seen  carbon  in  various  forms  devised  by 
Mr.  Edison  and  by  Professor  Hughes,  all  acting  by  loose  contact. 
We  have  seen  to-night  metals  in  several  forms  produced  by  Mr. 
Munro,  also  acting  by  loose  contact.  On  this  point  I  would 
correct  Professor  Hughes  in  his  remark  that  the  hut  of  nails  was 
the  first  and  only  metal  microphone  he  produced,  and  I  would 
recall  to  him  that  which  he  made  of  my  gold  chain,  of  a  cable 
pattern,  which  he  succeeded,  before  several  scientific  men  in  his 
own  rooms,  in  making  to  speak,  and  to  speak  very  well. 

Two  or  three  theories  to  account  for  these  phenomena  have 
been  mentioned  by  Mr.  Munro.  The  first  is,  that  the  microphone 
acts  fi-om  a  variation  in  the  resistance  of  its  mass  due  to  pressure ; 
another  is,  that  it  acts  firom  an  increase  or  decrectse  of  the 
surfaces  in  contact.  Professor  Hughes  leans  very  much  to  a 
theory  which  he  calls  the  arc  theory.  I  have  given  vent  to  my 
idea  on  the  matter,  and  I  attribute  the  action  at  the  points  of 
contact  to  heat.  Mr.  Munro  to-night  has  brought  out  a  theory 
in  which  he  tries  to  convince  us  that  the  action  is  due  to  silent 
discharge  across  a  film  of  air.  I  will  briefly  give  you  my  ideas. 
It  is  quite  true,  as  Mr.  Munro  says,  that  he  has  not  come  across 
my  theory.  It  is  not  likely  that  he  should  have  come  across  it, 
because  I  have  never  yet  put  it  in  a  paper :  I  have  merely  men- 
tioned it  rather  vaguely  in  one  or  two  papers — one,  particularly, 
before  the  British  Association  last  year.  Now,  I  start  with  this : 
whether  it  be  a  metal  conductor,  like  the  one  we  have  seen  to- 
night, or  whether  it  be  an  ordinary  carbon  transmitter,  we  require 
two  conditions.  The  first  is,  that  there  shall  be  a  current  flowing  ; 
and  the  second,  that  in  some  part  of  the  circuit  through  which 
that  current  flows  there  shall  be  a  variable  resistance,  which 
resistance  must  vary  in  proportion  to  the  sonorous  vibrations  that 
fall  upon  it.  The  first  effect  that  presents  itself  before  us  under 
those  conditions  is,  that  whenever  a  current  of  electricity  flows 
through  resistance  there  is  heat  developed,  and  the  temperature  of 
that  resistance  varies  directly  with  the  resistance,  and  inversely  with 
the  mass  of  the  conductor  that  may  form  that  resistance.    The 
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smaller  the  mass  in  proportion  to  the  resistance,  the  greater  will 
be  the  heat  developed  there.    In  fiw^t,  the  law  regulating  the 
development  of  heat  with  respect  to  resistance  is  perfectly  well 
known ;  and  when  we  take  two  balls  of  metal,  or  of  carbon,  or  of 
any  of  those  mysterious  materials  that  are  called  semi-conductors, 
we  have  at  the  points  where  they  touch  resistance,  and  therefore 
when  a  current  is  flowing,  heat.    The  heat  is  there  and  can  be 
seen :  it  produces  light,  for  it  is  simply  necessary  to  increase  the 
current  strength  sufficient  to  produce  light.    The  heat  can  be 
felt,  for  if  a  transmitter  of  the  form  known  as  the  Hunnings  be 
used,  or  one  of  the  Edison  carbon  transmitters,  it  will  be  found 
after  a  short  time  that  it  has  become  sensibly  warmed.     Hence 
there  is  heat,  which  is  evident  to  the  eye  and  to  the  touch. 
Again,  in  other  microphones,  when  the  current  is  raised  to  a 
certain  strength,  we   have  something  very  like  the  Trevelyan 
effect,  that  is,  a  humming,  spluttering,  or  buzzing  sound.     A 
humming  or  buzzing  can  be  made  by  a  little  adjustment,  and  one 
of  Professor  Hughes'  prettiest  experiments  in  his  earlier  investi- 
gations was  that  in  which  he  made  a  telephone  for  a  long  time 
mamtain  a  humming  or  buzzing  sound  from  this  effect.    Again, 
we  have  heat  at  the  point  of  contact  when  two  metals  are  brought 
together,  and  at  a  very  high  temperature,  too.    Mr.  Stroh  made 
that  very  evident  to  us  when  he  showed  before  this  Society  how 
he  was  able  to  make  two  pieces  of  metal  stick  together,  not  in 
the  feeble  manner  Mr.  Munro  alludes  to  in  his  paper,  but  with  a 
considerable  amount  of  force,  so  much  so  that  it  required  a 
measurable  weight  to  break  the  "  sticktion,"  or  whatever  it  may 
be  called,  which  fused  the  metals  together.    Again,  the  resistance 
at  the  points  of  contact  of  the  carbons  dimioishes  with  an  incre- 
ment of  current,  an   effect  which  can  be  due  only  to  heat. 
Another  point  in  these    microphones,  and  one  which  I  take 
to  be  the  real  reason  why  I  adhere  to  my  heat  theory,  is, 
that  in  all  microphones  there  is  a  reversible  effect.    If  a  micro- 
{^one  be  made  to  act  as  a  transmitter,  it  can  also  be  made  a 
receiver.    Such  an  arrangement  requires  an  excessively  delicate 
adjustment,  but  stiU  Professor  Hughes,  with  his  delicate  fingers, 
has  succeeded  in  making  a  microphone  act  as  a  receiver  as  well 
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as  a  traimmitter.  One  more  point  is,  that  the  resistance  of  carbons 
and  the  resistance  of  metals  varies  with  heat;  but  the  resistance 
of  carbon  diminishes,  while  the  resistance  of  metals  increases, 
and  Mr.  Mnnio  mentions  this  fiict,  bat  adduces  it  as  one  reascm. 
against  accepting  my  theory.  He  says :  ^In  the  case  of  carbon 
we  have  a  diminution  of  resistance,  and  in  the  case  of  metal,  more 
especially  iron,  an  increase.  Yet,  as  we  have  seen,  metal  points, 
as  well  as  carbon  ones,  act  as  transmitters.  The  theory,  then, 
does  not  seem  to  fit  both  classes  of  instruments."  But  it  does  ; 
for  whether  the  resistance  increases  or  whether  it  diminishes  is  a 
matter  of  no  consequence  whatever — ^you  simply  have  to  produce 
a  variation  in  the  resistance,  and  such  variation  may  be  an. 
increase  or  a  diminution.  You  want  to  convert  the  steady  current 
that  is  flowing  through  your  microphone  into  an  undulatory  one, 
which  will  vary  in  direct  ratio  to  the  sonorous  vibrations,  and 
whether  the  microphone  contact  produce  this  variation  by  lower- 
ing the  resistance  or  increasing  it  is  a  matter  of  absolute  indiBbt^ 
ence  so  long  as  the  variation  is  produced.  Now,  all  these  &cte 
together  lead  me  to  the  conclusion,  that  whatever  may  cause  the 
peculiar  action  of  a  microphone,  it  must  cth  initio  be  a  heat  effect* 
The  heat  is  there,  and  produces  all  the  effects  required.  It  is  & 
very  easy  conclusion  on  our  part  to  assume  that  heat  lies  at  the 
root  of  all  this.  I  take  my  stand  firom  almost  the  same  position 
as  Mr.  Munro,  and  I  was  led  to  it  a  good  deal  by  the  action  of 
lightning  upon  an  air  film  in  those  plate  protectors  that  ao4 
through  discharge  of  lightning,  producing  absolute  conduction 
between  tiie  two  plates.  In  these  plate  lightning  protectors  the 
discharge  converts  the  film  of  air  between  them  into  a  conductor 
as  perfect  as  a  metaL  This  was  pmnted  out  in  a  very  clear  way 
by  Professor  Faraday,  who,  in  his  experiments  on  the  Leyden  jar, 
showed  that  at  the  numient  of  discharge  the  film  of  air  between 
the  two  discharge  poiats  was  absolutely  a  perfect  conductor.  And 
so  I  say  that  in  the  microj^one  transmitter  itself  the  film  of 
air  that  exists  between  the  points  of  contact  may  become,  from 
the  passage  of  electricity  through  it  generating  heat,  for  the 
time  being  a  conductc»r,  and  its  resistance  would  vary  because 
the  thickness  of  this  film  varies.    We  have  two  points  of  omtaotc 
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these  two  points  ore  scmpoiuided  by  a  Y&rj  thin  stratmn  of  air, 

which,  by  the  heat  that  passes,  becomes  a  conductor.    When 

joa  speak  at  throwing  the  molecules  of  the  microphone  intx>- 

rifaraiion,  you  increase  or  diminish  the  thickness  of  this  conducting 

air  space,  and  the  result  is  a  variation  of  resistance,  and  all  the 

efiects  of  the  miorophone.    Mr;  Monro,  in  his  .theory,  has  called 

it  a  silent  discharge  across  this  air  space.    I  do  not  agree  with 

him  on  that  point,  beoanse  I  regard  the  silent  discharge  across 

an  air  space  as  purely  an  effect  of  static  electricity ;  but  in  the 

microphone  we  find  that  when  we  go  into  anything  approaching 

static  electricity,  when  we  use  high  electro-motive  forces,  the  effect 

ceases.    We  get  the  best  articulation  and  greatest  effect  when  we 

reduce  the  electro-motive  force.    Many  of  the  best  microphones 

have  been  those  which  worked,  not  only  with  an  electro-motive 

force  of  one  volt,  but  even  less  than  that.    Taking  all  these  facts 

together,  I  rather  eome  round  to  the  conclusion  that  there  is  not 

very  much  difference  as  regards  the  theory  of  the  microphone  in 

the  views  held  by  Professor  Hughes,  Mr.  Munro,  and  myself. 

We  all  agree  that  the  air  plays  a  very  imp(»rtant  fonction — ^that 

the  resistance  varies ;  and  all  I  say  is,  that  the  variation  is.  due 

solely  to  the  action  of  heat.    We  are  gradually  getting  to  that 

condition  when  we  may  expect  a  paper  fix>m  Professor  Hughes 

himself,  in  which  he  will  take  into  consideration  all  that  he  has; 

heard  firom  Mr.  Munro,  all  that  I  have  tried  to  put  before  you, 

and  all  that  may  come  afterwards ;  and  we  shall,  with  the  aid  of 

his  authority,  be  able  to  go  home,  after  a  discussion  in  this  room, 

with  the  full  satisfELction  that  we  know  a  little  more  about  the 

theory  of  this  beautiful  instrument  which  has  almost  revolutionised 

telephony.    Mr.  Munro  in  the  oommenoement  of  his  paper,  in. 

alluding  to  the  discovery  of  Professor  Hughes,  and  what-  has  been 

done  in  carbon  transmitters^  stated  that  **  the  supremacy  of  the 

Edison  patent  has,  in  general^  paralysed  these  efforts,  and  rendered 

the  improvement  worthless."    I  should  like  to  ask  whether  it  haa- 

not  had  the  very  opposite  effect — ^whether  the  case  of  a  patent 

monc^lising  to  a  certain  extent  a  great  branch  of  industry  does 

not  of  itself  stimulate  no  end  of  minds  to*  try  and  discover  some 

means  of  driving,  a  coaoh-andryfour  through  the  very  objectionable 
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patent.  Although  we  do  object  to  patents  themselves,  from  a 
commercial  point  of  view,  I  think  patents  have  certainly  a  good 
productive  stimulus  in  trying  to  drive  active  minds  to  find  other 
means  to  get  out  of  the  trammels  that  the  patent  law  has  put 
around  us. 

Mr.  a.  Stroh:  The  subject  which  Mr.  Munro  has  brought 
before  us  this  evening  is  an  exceedingly  interesting  one,  and  one 
in  which  I  have  worked  a  little  at  different  times.  I  have  also 
made  microphones  with  metal  contacts,  but  with  only  partial 
success,  and  I  came  to  the  conclusion  that  it  was  impossible  to 


make  a  good  transmitter  with  metal  contacts.  I  am  therefore 
very  pleased  to  find  that  Mr.  Munro  has  succeeded  so  well  with 
wire  gauze,  and  should  like  to  congratulate  him  upon  his  success. 
I  believe  that  the  reason  why  Mr.  Munro  has  obtained  a  good 
result  is  that  the  number  of  contacts  between  the  two  pieces  of 
wire  gauze  in  his  arrangement  are  numerous,  whereas  all  who 
have  previously  tried  to  make  metal  contact  microphones  have 
only  used  single  contact,  and  have  either  obtained  the  sticking 
effect  (which  I  have  described  in  a  paper  before  this  Society) 
alluded  to  by  Mr.  Munro,  or  else  have  obtained  a  result  which 
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was  due  to  abrapt  intermptions  in  place  of  mere  undulations  of 
the  current. 

Bespecting  the  theory  of  the  microphone,  I  may  say  that  I 
have  not  formed  a  very  strong  opinion  as  regards  this  theory,  but 
have  made  experiments  with  a  view  of  learning  something  about  it. 

One  of  these  experiments  appears  to  me  to  be  an  interesting 
one,  and  I  therefore  venture  to  describe  it. 

On  a  thin  board,  A,  Fig.  1,  is  fixed  a  little  block,  B,  which 
serves  to  hold  four  brass  uprights,  0  C  and  D  D'. 

A  light  spindle,  £,  provided  with  a  pivot  or  knife  edge  at  each 
end,  rests  on  the  uprights,  0  and  0^  Attached  to  the  spindle,  E, 
on  one  side  is  an  exceedingly  light  concave  reflector,  F,  while  on 
the  other  side,  and  in  good  electrical  contact  with  this  spindle,  is 
a  thin  rod  of  carbon,  Q-.    The  latter  rests  at  right  angles  on  another 
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rod  of  carbon,  H,  which  is  firmly  fixed  in  the  two  brass  uprights, 
D  and  D'. 

Terminals  I  and  I'  communicate  each  with  a  pair  of  the  brass 
uprights.  A  little  spiral  spring,  the  tension  of  which  can  be 
regulated  by  a  small  thumb-screw,  serves  to  keep  the  two  carbons 
in  microphonic  contact. 

A  loud  ticking  watch  or  other  source  of  sound  is  placed  on  the 
board,  A. 

The  general  arrangement  of  the  experiment  is  shown  in  Fig.  2. 
M  is  the  microphone  just  described.  A  lime  light,  L,  is  placed 
behind  a  little  screen  with  a  small  round  hole  in  it,  across  which 
is  stretched  a  fine  wire,  so  that  the  image  of  the  latter  is  thrown 
by  the  reflectoit  of  the  microphone  on  a  wall  or  screen  at  S,  where 
a  graduated  scale  may  be  fixed,  and  where  by  means  of  the  image 
of  the  fine  wire  any  deflection  can  be  easily  read. 
VOL.  xn.  10 
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A  downward  movement  of  the  reflected  spot  of  light  on  the 
screen,  S,  indicates  a  separation  of  the  carbons  at  the  point  of 
contact,  while  an  upward  movement  would  he  due  to  an  approach 
of  t^e  carbons  towards  each  other. 

A  telephone,  T,  a  make^and-break  key,  K,  a  battery,  B,  and 
the  microphone,  M,  are  joined  in  circuit.  The  adjustment  of  the 
latter  is  now  made  so  that  the  ticking  of  the  watch  is  heard  as 
loud  as  possible  in  the  telephone,  T,  while  the  observer  has  one 
hand  on  the  key,  E,  and  is  also  watching  the  spot  of  light  at  S. 

At  the  instant  when  the  current  is  broken  at  K,  the  spot  of 
light  moves  upwards,  not  sluggishly,  but  suddenly  and  sharply, 
the  sound  in  the  telephone  of  course  ceasing  at  the  same  moment. 

On  making  contact  again,  the  spot  of  light  quite  as  suddenly 
returns  to  its  former  position,  while  the  ticking  is  heard  agai^ 

The  distance  through  which  the  spot  of  light  moves  is  very 
small,  but  the  action  is  so  decided  and  nnfaih'ng  that  there  is  no 
difficulty  in  observing  it. 

It  happens  sometimes  that  microphones  are  uncertain  in  their 
action  and  will  suddenly  fidl  to  work ;  and,  in  observing  the  spot 
of  light  during  some  such  fidlures,  it  was  found  that  it  jumped 
upwards  at  the  moment  when  the  telephone  became  silent,  and 
returned  as  soon  as  the  microphone  was  brought  into  action  again 
by  a  tap  on  the  table. 

It  was  only  during  the  clear  working  of  the  telephone  that 
the  spot  of  light  remained  steadily  deflected  downwards,  which 
seems  to  indicate,  that  during  the  time  when  the  carbons  are 
really  in  what  is  called  microphonic  contract  they  axe  not  in 
contact  at  all,  or,  at  all  events,  that  there  is  a  repellant  action  at 
the  points  of  contact. 

With  a  single  element  of  a  small  bichromate  battery  in  the 
circuit,  the  deflection  was  hardly  perceptible,  but  with  three 
elements  the  spot  of  light  moved  through  one  millimetre  between 
making  and  breaking. 

When  a  greater  number  of  elements  was  used  the  deflection 
was  also  greater,  but  there  was  much  hissing,  and  the  spot  of  light 
was  not  steady. 

With  three  elements  the  experiment  succeeded  best.    With 
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this  number  the  ticking  of  the  watch  oonld  be  heard  loudly  and 
clearly,  without  any  hissing. 

In  order  to  arrive  at  an  estimate  of  the  distance  which 
appeared  to  exist  between  the  two  carbons  at  point  of  contact 
during  their  action  as  a  microphone,  it  may  be  mentioned  that 
the  distance  between  the  screen,  S,  and  the  reflector  was  six 
metres,  and  that  between  the  fulcrum  and  the  point  of  contact  of 
the  microphone  six  millimetres,  so  that  the  former  distance  was 
1,000  times  greater  than  the  length  of  lever  in  the  microphone. 
This  figure  has  to  be  doubled  on  account  of  a  reflected  beam  of 
light  moving  through  double  the  angle  than  the  reflector  itself. 

The  total  deflection  on  the  screen,  S,  being  one  millimetre,  the 
distance  to  which  the  upper  carbon  was  repelled  during  micro- 
phonic action  under  the  circumstances  described  was  therefore 
Y^mf  P^  of  a  millimetre. 

I  may  add  that  by  this  experiment  I  expected  also  to  find,  by 
watching  the  spot  of  light  on  the  screen,  indications  corresponding 
with  each  sound  or  tick  of  the  watch.  In  this,  however,  I  was 
disappointed,  as  the  spot  of  light,  after  having  once  moved  to  the 
position  above  described,  remained  there  without  any  apparent 
fluctuations,  as  long  as  the  watch  could  be  heard  clearly  in  the 
telephone. 

Professor  W.  E.  Aybton,  F.R.S. :  Mr.  Munro  commenced  his 
paper  by  objecting  to  Edison's  expression  of  a  "  tension  regulator,"  but 
I  am  not  sure  that  this  expression,  or  rather  an  ^^  electro-motive  force 
regulatcwr,'*  is  not  quite  correct.  We  have  heard  to-night,  and  on 
many  previous  occasions,  a  good  deal  about  the  resistance  of  the 
contacts  in  a  microphone.  I  venture  to  think  that  we  know  nothing 
whatever  about  resistance  proper — ^in  &ct,  that  the  word  resistance  is 
incorrectly  applied  to  anything  like  a  loose  contact.  Our  whole  idea 
of  anything  having  resistance  means  that  there  is  something 
which  is  constant  for  any  current  passing  through  it.  When  the 
resistance  of  a  piece  of  copper  wire  is  spoken  of,  it  is  meant  that 
there  is  an  opposition,  or  whatever  it  may  be  called,  which  is 
constant  for  any  current  passing  through  it,  assuming,  of  course, 
that  the  body  is  kept  at  a  constant  temperature;  and  that  is 
exactly  what  is  not  the  case  in  a  microphone,  or  in  an  arc  lamp. 
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or  in  any  case  where  there  are  two  bodies  in  loose  contact.  No 
opposition  exists  which  is  independent  of  the  current  passing, 
even  if  the  temperature  be  kept  constant.  We  have  no  right 
therefore  to  use  the  word  resistance  at  all  in  speaking  of  the 
microphone  or  of  an  arc  lamp.  What  can  be  said  is,  that  in  order 
to  make  a  certain  current  pass  between  two  points  which  do  not 
form  a  portion  of  the  same  homogeneous  material,  a  certain 
electro-motive  force  is  necessary,  and  that  that  electro-motive  force 
depends  upon  the  distance  separating  the  bodies,  and  also  prob- 
ably on  the  material  of  which  the  bodies  are  formed.  A  good 
deal  has  been  said  this  evening,  and  also  on  previous  occasions,  on 
the  particles  touching.  I  venture  to  think  that  the  particles  of  a 
microphone  never  touch,  and  that  is  probably  the  reason  why  Mr. 
Munro  has  found  no  dij£culty  whatever  in  the  sticking.  In  the 
microphone,  as  in  an  ordinary  arc  lamp,  the  particles  do  not  touch. 
What  I  think  is  the  correct  idea  of  the  action  of  the  microphone 
I  first  got  when  making  some  experiments  in  1881  in  con- 
nection with  the  electric  railway  designed  by  Professor  Perry 
and  myself,  where  we  had  certain  contact  boxes.  I  was 
very  anxious  to  see  whether  in  the  contact  boxes  we  could 
use  parafiBn  oil.  You  will  all  remember  Mr.  David  Brook's  plan 
of  using  copper  conducting  wires  covered  with  jute  or  hemp,  and 
placed  in  an  iron  pipe,  which  was  then  filled  up  with  paraffin ; 
and  I  wanted  to  see  if  we  could  extend  his  plan  for  our  purposes, 
or,  in  other  words,  whether  if  two  metallic  bodies  were  brought 
together  with  oil  between  and  all  round  them  there  would  be  any 
resistance.  I  found  that  when  the  distance  between  the  two 
bodies  was  anything  measurable,  the  resistance  was  practically 
infinite,  whereas  when  they  pressed  together,  even  with  a  com- 
paratively small  force,  the  resistance  was  low  in  spite  of  the  paraffin 
oil.  That  means,  that  when  the  distance  is  less  than  a 
certain  amount,  a  very  small  electro-motive  force  will  allow  the 
current  to  pass.  If  the  distance  be  greater  a  very  large  electro- 
motive force  is  required.  To  maintain  a  current  between  two  points 
at  a  certain  distance  apart  requires  a  continuous  electro-motive  force 
simply  depending  on  the  distance.  In  the  ordinary  microphone 
there  are  two  points  at  a  certain  distance  apart,  and  the  electro- 
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motive  force  required  to  Tnaintoin  a  current  between  those  points 
diminishes  or  increases,  simply  because  the  distance  varies.  The 
&ct  that  a  microphone  can  be  made  a  receiver  is  probably  explained 
by  the  &ct  that  the  transmitter  varies  the  current,  which  causes 
the  repulsion  between  the  particles  to  be  also  varied.  There  is  an 
attraction  depending  practically  on  static  attraction,  because  I 
believe  that,  although  the  particles  are  exceedingly  near  to  one 
another,  there  is  a  very  decided  difference  of  potentials,  necessary 
to  enable  the  current  to  pass  across  the  space  separating  them. 
There  is  this  definite  static  attraction  between  the  particles,  but 
there  is  also  a  much  greater  electro-dynamic  repulsion  depending 
on  the  amount  of  current  passing;  and  as  the  amount  of  this 
repulsion  is  varied  by  changes  in  the  current  strength,  the  carbon 
of  the  receiver  oscillates  in  turn  with  the  sound-waves  fieJling  on 
the  transmitter. 

As  to  whether  Mr.  Preece's  heat  theory  is  right  or  not  might 
be  tried  somewhat  in  this  way.  Mr.  Munro  mentioned  that  a 
metal  increases  its  resistance  by  temperature,  whereas  carbon 
diminishes  it.  Mr.  Preece  has  rightly  pointed  out  that  increase 
or  diminution  will  answer  his  purpose  equally  well,  and  I  would 
like  to  ask  Mr.  Munro  whether  a  substance  like  G-erman  silver 
will  speak.  With  German  silver  we  are  dealing  with  a  substance 
where  the  change  of  resistance  is  extremely  small  for  changes  of 
temperature.  If,  for  example,  a  German  silver  grating  speak  as 
well  as  an  iron  grating,  I  think  we  should  have  a  strong  argument 
against  the  theory  that  the  action  was  brought  about  by  or  due 
to  change  of  temperature. 

Mr.  B.  Wabwigk  :  I  should  like  to  be  allowed  to  make  a  few 
remarks  upon  the  action  of  the  gauze  microphone.  Having  been 
engaged  with  Mr.  Munro  in  a  considerable  number  of  experiments, 
I  have  been  able  to  examine  various  forms  of  microphone  trans- 
mitters, and  it  has  been  clear  from  the  outset  that  any  microphone 
transmitter  having  a  single  pair  of  contacts  was  bound  of  necessity 
sooner  or  later  to  &il,  since,  as  those  who  operate  telegraphic 
apparatus  know  full  well,  one  necessity  is  to  frequently  clean  the 
platinum  contacts.  If  these  contacts  are  held  together  by  very 
light  springs,  they  stick  and  fail  to  separate  after  currents  have 
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passed.  Bemembering  this,  and  pTinaing  the  sabject,  I  was  led  to 
think  of  the  action  which  took  place  actually  in  the  stmcture  of 
the  carbon  itself.  My  observations  were  prompted  by  the  fact 
that  the  discharge  which  takes  place  between  two  pieces  of  carbon 
is  by  no  means  firom  a  single  point,  but  from  a  considerable 
number  of  points,  and  the  idea  was  to  improve  npon  that  as  much 
as  possible.  It  was  quite  clear  to  Mr.  Munro  and  myself  that  a 
single  contact  could  not  make  a  microphone  in  metal,  and  it  was 
following  that  line  that  we  were  led  to  adopt  gratings,  and  hence 
the  gauze  transmitter  before  you  this  evening.  This  gauze 
transmitter  has  80  meshes  to  the  inch,  and  it  is  quite  clear  that 
in  a  circle  of  an  inch  diameter  there  must  be  a  very  considerable 
number  of  points  where  two  pieces  of  gauze  come  together ;  and 
it  is  also  quite  clear  that  some  of  these  points  rest  hard  together, 
and  across  some  of  them  there  is  a  principal  supply  of  current ; 
also,  it  is  equally  clear  that  there  are  some  points  which  are  so 
little  pressing  together  that  they  may  be  said  not  to  be  in  con- 
tact, and  another  set  of  points  which  are  just  so  far  off  that  no 
current  passes  at  all.  Therefore,  the  least  tremor  will  rearrange 
the  number  of  principal  contacts,  and  with  the  second  and  third 
set  there  is  a  constant  change,  during  which  the  current  takes  up 
the  vibrations,  and  so  we  have  a  practical  transmitter.  Such  is 
the  view  I  take  of  the  action  of  the  gauze  transmitter.  I  regard 
the  gauze  transmitter  as  the  metallic  equivalent  on  a  large  scale 
of  two  pieces  of  carbon  in  contact.  As  to  the  theory  whether  the 
action  is  due  to  heat  or  not,  in  these  experiments  I  have  had 
opportunity  of  observing  hundreds  of  cases  with  the  great  variety 
of  metals,  and  found  that,  if  anything  like  an  arc  set  up,  the 
hissing  sound  commenced,  an  effect  which  is  against,  if  not  hJtal 
to  any  transmitter.  I  cannot  therefore  view  the  action  as  being 
due  to  any  arc  which  causes  hissing,  buzzing,  or  heating  whatever, 
but  due  rather  to  a  silent  discharge  between  the  surfietees  which 
are  almost  touching. 

Professor  W.  Gkylls  Adams,  F.E.S. :  I  rise,  sir,  at  your  bid- 
ding, but  I  have  very  little  to  add  to  the  discussion  on  this 
interesting  subject.  I  entirely  agree  with  you,  sir,  in  your 
remarks  with  regard  to  the  substance  of  the  paper,  and  to  tiie 
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dear  way  im  ^dikh  it  has  been  pirt^bttfiiroMiis.  The  paper  is  a 
good  one,  and  has  brought  out  a  Tory  saltefibetory  dkcussion. 
The  theories  put  forward  are  not  so  Tery:  di£fepent  as  they  may  at 
first  sight  appear  to  be,  for  whether  we  regard  the  current  as 
passing  firom  one  point  of  carbon  to  another  by  means  of  an  arc  or 
throogh  the  air  space  between  them,  the  difference  i»  9ot  great. 
I  think  that  perhaps  too  much  has  been  made  of  this  arc  or  air 
space  between  the  pieces  in  the  carbon  or  m  the  gauze  transmitter. 
In  the  gauze  transmitter,  where  there  are  many  points  of  contact, 
the  two  portions  of  gauze  pressing  on  cme  another  are  probably 
noTer  out  of  contact,  so  that  there  is  no  arc  ox  electrical  discharge 
through  an  air  space,  but  a  varying  in  the  strength  of  current  in 
consequence  of  the  changes  in  the  pressure  a^d  in  the  number 
of  the  contacts.  The  variaticms  in  the  resistance  due  to  these 
changes  give  rise  to,  and  I  think  ez{dain,  the  undulatoiy  current 
better  than  the  theory  that  there  is  entixe  separation  between  the 
parts,  so  causing  a  spark  discharge  or  a  silent  discharge  through 
the  air  space. 

More  and  better  contacts  diminish  the  resistance  and  increase 
our  current ;  and  these  changes  of  current  backwaicdiP  and  forwards 
will  not  be  sudden  breaks,  because  there  is  no  sudden  break 
between  the  different  portions  of  the  metal  gauze,  but  will  pro- 
duce just  those  undulations  which  axe^  required  to  produce  the 
w<Mrds  in  the  telephone  at  the  other  end  of  the  line. . 

A  variation  in  the  number  of  molecules  of  carbon  or  of  metal 
in  contact  with  one  another  will  vary  the  resiftiMice  of  the  con- 
tacts, and  so  vary  the  current  flowing  in  the  circuit*  If  there  are 
fewer  points  of  contact  it  is  equivalent  to  a  diminution  in  the 
size  of  the  conductor  or  to  an  increase  in  the  resistance,  which 
causes  an  alteration  in  the  strength  of ^  cunent.     *  . 

Mr.  Walter  H.  Coffdi  :  I  venture  vto  think  that ,« .very  brief 
acoount  of  a  little  instrument  I  tried  last  year.may  be  of  some 
interest  to  Mr.  Munro,  as  confirming  hisi^es^ts,  and  to  the  Society, 
as  being  a  very  simple  means  by  which  most  of  these  e^Lperiments 
can  be  repeated.  I  mentioned  this  form  of  transmitter  to  several 
members  on  the  day  we  went  to  Chatham*. 

The  two  wires  of  a  circuit,  placed  pandlel  to  each  oth^,  but 
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not  in  oontaot,  are  wound  upon  a  cylindrical  surface  of  about 
half  an  inch  diameter*  On  removing  the  cylinder  from  the 
coil,  and  replacing  it  by  suitable  crushed  carbon  lightly  shaken 
into  the  cylindrical  space  (taking  precaution  against  the  wires 
coming  into  contact),  an  extremely  sensitive  and  efficient  trans- 
mitter is  formed,  which  will  be  recognised  as  non-tympanic,  and 
a  modification  of  the  grain  transmitter  of  Mr.  Munro.  The  next 
step  was  to  try  the  effect  of  metallic  particles  instead  of  the 
carbon  grains,  and  I  found  that,  owing  to  the  elastic  nature  of 
the  little  coil,  a  single  rod  of  light  metal  laid  inside  produced  a 
certain  amount  of  microphonic  effect,  and  iron  nails  or  tacks  put 
into  the  coil  gave  very  good  results.  Other  metallic  substances 
in  various  forms  furnished  effects  quite  surprising  to  me,  and 
due,  I  imagined,  to  the  very  great  number  of  contacts;  and  I 
think  this  form  of  instrument  is  interesting  from  the  &ct  that  it 
might  possibly  be  said  that  the  two  sides  of  such  a  grain  trans- 
mitter as  Mr.  Munro's  have  a  tympanic  action,  or  acted  as  mem- 
branes or  drumheads.  Also  it  might  conceivably  be  said  that  in 
Mr.  Munro's  very  interesting  and  suggestive  gauze  microphone 
the  pieces  of  gauze  were  tympanic  membranes,  whereas  such  a 
coil  form  as  I  mention  could  hardly  be  claimed  as  having  a 
tympanic  effect. 

The  experiments  were  merely  introductory  to  a  research,  with 
the  intention  of  enclosing  the  microphonic  coil  in  a  vacuum  to 
study  the  effect  of  rare&ction  on  different  things, — as  the  alleged 
arcs,  silent  discharge,  heat  effect,  and  so  forth, — and  the  results 
seem  to  indicate  some  direct  effect  of  aeriform  vibration  between 
points  very  nearly  in  contact. 

The  Pbesident:  In  May,  1878,  at  a  special  meeting  of  this 
Society,  Mr.  W.  H.  Preece  introduced  to  our  notice  those  experi- 
ments of  Professor  Hughes  which  led  to  the  invention  of  the 
microphone.  In  the  discussion  which  followed  I  stated  that  I  had 
made  a  microphone  by  placing  two  pieces  of  iron  parallel  to  each 
other,  with  a  third  piece  lying  loosely  across  the  top,  and  I  found 
that  if  the  loose  piece  was  placed  near  the  supported  ends  of  the 
two  parallel  pieces  the  sensitiveness  was  very  slight,  but  was  much 
increased  by  moving  the  loose  piece  towards  the  unsupported 
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ends.  On  changing  the  pieces  of  iron  for  three  rat-tail  files  a 
better  result  was  obtained,  owing  probably  to  the  rough  surfiace  of 
the  files :  this,  I  think,  has  some  bearing  on  Professor  Adams' 
remarks  that  the  effect  is  due  to  loose  contact.  I  ventured 
that  opinion  at  the  time,  and  have  heard  nothing  since  to  lead  me 
to  depart  firom  it.  I  further  mentioned  that,  on  placing  a  lamp 
(as  Mr.  Munro  did  just  now)  two  feet  below  the  rat-tail  files,  the 
sound  given  out  by  the  flame  of  the  lamp  was  reproduced  in  the 
telephone. 

Whatever  the  theory  of  the  microphone  may  be,  there  is  no 
doubt  that  to  Professor  Hughes  belongs  the  honour  of  having 
invented  the  instrument  and  given  his  discoveiy  to  the  public. 
I  have  often  felt  sorry  to  see  in  print  that  Mr.  A  or  Mr.  B  has 
^'invented  a  microphone,''  but  I  hope  that  in  future  we  shall 
never  hear  such  instruments  mentioned  except  as  modifications  of 
Professor  Hughes'  microphone.  Professor  Groves  gave  us  a  most 
useful  batteiy,  and  I  never  yet  heard  of  any  person  who,  connecting 
it  either  for  quantity  or  intensity,  would  presume  to  call  it  his 
battery.  The  case  is  analagous  with  that  of  the  microphone. 
Professor  Hughes  showed  us  how  a  simple  bar  of  carbon  on  two 
carbon  bearings  could  transmit  speech:  another  man  uses  two 
bars  of  carbon  and  then  calls  it  his  microphone ;  now  that  is  not 

£Edr. 

At  our  next  meeting  on  April  12th,  a  paper  entitled  "  Micro- 
phone Contacts"  will  be  read  by  Mr.  Shelford  Bidwell,  and  I 
therefore  propose  that  we  adjourn  the  discussion  until  that 
evening. 

Mr.  J.  MuKRO :  I  should  just  like  to  say,  in  answer  to  Professor 
Ayrton,  that  G-erman  silver  does  not  give  such  good  results  as 
iron.  We  have  not  tried  German  silver  gauze,  but  two  pieces  of 
German  silver  do  not  answer  so  well  as  two  pieces  of  iron,  and 
therefore  we  have  not  brought  a  German  silver  instrument  before 
the  meeting. 

The  PBEsmENT :  I  will  ask  you  to  accord  a  vote  of  thanks  to 
Mr.  Munro  for  his  able  paper. 

This  was  heartily  accorded. 
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A  ballot  then  took  place  at  whieh  the  foHowingrvere  el6eted:^- 
Tranafenred  hom  ihe  ckuBS  of  Assooiatesi^  that  of  Members — 

Thomas  Fletcher.  |       Charles  Streatfeild  James. 

iElected— 

Ae  Foreign  Member : 

Oregoir^  Skrivanow. 

As  Member: 
Captain  William  Arthur,  B.N.,  C.B. 


A$ 

George  Agnew. 

F*  W,  Andersen. 

Francis  J.  Bell. 

W.  Betts. 

James  Brand. 

Thomas  Aogostns  S.  Clack. 

A.  de  B.  Creed. 

Ernest  George  Dombnsch. 

Jos^  D.  Husbands 

James  Meldrum  Irvine* 

Bobert  Samuel  Lloyd. 
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William  Todhunter. 
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Thomas  Williams. 


William  Meredith. 


As  Students: 

I  Herbert  Laws  Webb* 
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After  which  the  meeting  acyoomed  until  Thursday  eveniiigy 
April  12th,  1888. 
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A  DIFFICULTY  IN  ELECTRIC  DISTRIBUTIONS. 

* 

By  W,  E.  Ayrton  and  John  Pebry, 

We  have  asserted  Beveral  times  that,  although  the  methods  of 
M,  Deprez  and  ourselves  enable  us  to  keep  two  points  in  a  system 
of  distribution  at  a  constant  diflference  of  potential,  whatever  may 
be  the  consumption  of  electric  energy  throughout  the  system 
which  proceeds  firom  these  points,  there  is  no  published  method 
by  means  of  which  every  point  in  the  system  may  be  maintained 
ct  a  constant  potential.  Our^  attention  has  been  drawn  to  the 
&ot,  that  in  the  absence  of  exact  proof  there  is  still  a  doubt  on  the 
subject  in  the  minds  of  many  electricians,  and  we  now  propose 
to  give  this  proof. 

In  Fig.  I.  let  A  and  a  be  the  points  maintained  at  a  constant 
difference  of  potential,  V ;  let  the  supply  cable  be  A  M  N  P,  and 
the  return  cable  amnp,  and  let  M  and  m  be  the  terminals  of  a 
consumer,  N  and  n  being  the  terminals  of  another  consumer. 
Suppose  that  firom  M  to  m  there  is  a  current,  c,  passing,  and  firom 
N  to  n  a  current,  c'.  Let  resistance  A  M  be  called  E,  and  resist- 
ance a  m  be  called  r.  Let  x  be  the  difference  of  potentials 
between  M  and  m.  Then  a:  =  V  —  (c  +  c')  (E  +  r),  and  ob- 
viously, if  the  second  consumer  stops  his  current,  x  becomes  V  ^  o 
(fi  +  r)i  that  is,  the  one  consumer's  potentials  are  altered  by 
another  consumer  stopping  his  current.  And  it  is  not  merely 
the  consumer  who  happens  to  be  near  the  central  station  who  is  so 
affected,  for  it  will  be  found  in  the  same  way  that  every  consumer 
is  affected  by  the  turning  on  or  off  of  any  other  consumer's  supply 
so  long  as  their  mains  proceed  firom  and  return  to  the  same 
terminals. 

It  is  sometimes  thought  that  the  arrangement  shown  in  Fig.  II., 

known  as  that  patented  by  Edison,  will  prevent  this  interference. 

As  before,  let  the  resistance  A  M  be  called  E,  m  a  be  called  r, 

A  N  be  called  E',  and  t>  a  be  called  r'.    Then  if,  as  before,  current 
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c'  passes  from  N  to  ti,  and  c  from  M  to  m,  the  difference  of 

potentials  between  A  and  a  being  V,  and  x  the  difference  of 

potentials  between  M  and  m,  and  x*  the  difference  of  potentials 

bet'VFeen  N  and  ti,  then 

«  =  V  -  (c  +  c')  (R  +  r')  -  0  (r  •  V), 
and 

•     aj'  =  V  -  (c  +  c')  (R  +  r')  ^  c'  (R'  •  r). 

Hence,  in  the  first  place,  for  the  two  consumers  to  have  the  same 
differences  of  potential  they  must  use  supplies  of  electricity  bear- 
ing the  same  proportion  to  one  another  that  the  resistance  from 
M  to  N  does  to  that  from  m  to  ti.    Hence  the  advantage  usually 

P  P 


N 


M 


m 


A 
FiG.  I  .  ^^^-  ^• 

claimed,  and  claimed,  for  example,  on  page  120  in  the  discussion 
on  Mr.  Shoolbred's  paper,  that  all  the  consumers  have  always 
the  same  potential,  is  quite  unreal.  We  have  now,  however,  to 
consider  the  more  important  advantage  which  has  also  been 
claimed,  namely,  that  the  potential  of  the  consumer  M  m  remains 
constant.    Altering  the  first  expression  given  above,  we  find 

a;  =  V  -  c  (R  +  r)  -  c'  (R  +  r'), 
so  that  there  is  an  obvious  dependence  of  x  on  the  value  of  c\    In 
fact,  the  potential  of  any  consumer  is  altered  by  other  consumers 
taking  or  stopping  their  supply,  whether  the  distribution  system 
of  Fig.  I.  or  Fig.  II.  is  employed. 
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EARTH  GUEKENTS  IN  INDIA. 

By  E.  0.  Walker,  Member. 

I  should  like  to  add  a  few  remarks  to  my  contributions  on 
"  Earth  Currents,"  which  appeared  in  the  last  issue  of  the  Journal. 
Further  observations  have  corroborated  those  abreiady  made  known. 
The  currents  now,  in  March,  are  mainly  of  the  same  strength,  and 
have  the  same  times  of  zero  and  maxima,  and  flow  in  the  same 
directions  for  the  same  periods  as  in  August  last.  But  it  has 
struck  me  that,  for  the  sake  of  comparison,  the  difference  of 
potential  between  two  stations  should  be  given  in  records,  and 
not  the  strength  of  the  current.  I  think  it  would  be  found  that, 
if  ^his  were  done,  the  variations  in  results  now  remarkable  in 
different  parts  of  the  globe  would  not  exist.  The  following 
circumstances  modify  the  strength  of  the  current  ;— 

(1.)  Resistance  of  galvanometer. 

(2.)  Gauge  of  line  wire. 

(3.)  Resistance  of  instruments  of  intermediate  offices. 

And  to  say  that  a  current  of  '5  milli-amp^re  traversed  the  line 
from  London  to  Cardiff,  and  a  current  of  *2  milli-ampdre,  a  line  in 
similar  geographical  position  elsewhere  at  the  same  time,  does 
not  convey  a  clear  idea  of  the  circumstances. 

If  there  be  a  general  agreement  that  the  difference  of  potential 
shall  be  recorded,  we  should  know  in  any  series  of  observations 
between  two  stations  the  direction  in  which  a  current  flowed,  and 
could,  if  desirable,  mark  out  the  strength  of  current  from  local 
data. 

The  register  should  state — 

Cardiff-London  line.  No.  6;  gauge.  No.  5^;  E.  to  W.;  length, 
200  miles ;  resistance  of  galvanometer,  1,500 ;  tested  resistance  of 
line,  2,100;   resistance  of  intermediate  instruments,  500;  time, 

9.30 ;  date,  24/3/83 ;  temperature,  -^ ;  weather,       .    ^;  potential 

at  London,  2*1  volts. 

This  would  show  that  the  current  at  9.30  a.m.  on  this  day 
flowed  from  London  to  Cardiff;  later  in  the  afternoon  furthei' 


164  OBiaiNAL  COMMUNIGATIOKB. 

entries  would  show  perhaps  that  the  difference  of  potential  was 
now  in  favour  of  Cardiff,  and  these  would  again  show  us  that  now 
the  direction  of  the  current  had  changed. 

From  existing  observations  it  seems  very  probable  that  if  a 
wire  completely  circled  the  earth  we  should  get  no  current  at  all ; 
that  if  we  had  four .  lines  each  6,000  miles  long,  one  in  each 
quadrant  of  the  globe,  in  the  same  latitude,  we  should  have  a 
most  .perfect  system  for  observations ;  but  as  it  is  impossible  to 
obtain  this  at  present,  the  next  best  thing  is  to  get  long  lengths 
of  lines  joined  together,  but  not  overlapping  each  other's  confines, 
and  on  such  lines  in  all  parts  of  the  globe  to  institute  simultaneous 
observations  by  Greenwich  time.  The  most  important  facts  to 
notice  are  the  times  of  occurrence  of  maxima  and  minima  (which 
are  really  zeros),  and  the  differences  of  potential  creating  the 
maxima,  with  temperature,  weather,  and  barometrical  readings. 
If  the  Coimcil  of  the  Society  will  appoint  a  date  for  commencing 
observations  and  the  fixed  period,  and  will  draw  up  the  form  of 
register  to  be  observed,  I  for  my  part  shall  be  glad  to  assist,  and 
I  have  no  doubt  that  many  in  other  parts  of  the  world  will  readily 
come  forward. 

I  should  mention  that  I  find  it  is  a  matter  of  indifference, 
on  a  long  line,  whether  iron  or  copper  earth  plates  are  used  with 
these  observations.  On  a  very  short  line  galvanic  action  is 
apparent ;  not  so  on  a  line  of  comparatively  high  resistance. 

It  is  better,  of  course,  to  have  both  plates  of  the  same  metal. 


INCREASE  OF  QUANTITY  IN  A  SINGLE  LIQUID  CELL 
BY  AGITATION  OF  THE  SOLUTION. 

By  E.  0.  Walker,  Member. 

Some  experiments  were  made  to  ascertain  if  there  were  any 
increase  in  current  by  causing  the  solution  in  a  single  fluid  element 
to  be  boiled.  An  empty  one  pound  biscuit  tin  was  taken,  set 
length  upwards,  some  coal  cinders  placed  at  the  bottom,  some  loose 
stones  on  the  cinders  to  keep  them  from  floating ;  then  the  tin  half 
filled  with  a  solution  of  2  oz.  of  sal  ammoniac  in  water,  and  the 
cell  completed  by  suspending  a  piece  of  zinc  in  the  liquid  just 
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below  the  surface.  The  edge  of  the  tin  box  formed  one  terminal, 
and  the  wire  connected  to  the  zinc  another.  A  lamp  was  lighted 
under  the  tin  box  and  the  effect  observed  on  a  tangent  galvano- 
meter, though  the  thick  coil  (R=:0'75  ohm)  alone,  and  through 
the  same,  with  20*4  ohms  additional  resistance. 


Thick. 

Thick +  ao. 

B. 

0. 

Beadings  at  first  ... 

58« 

18° 

5-84 

•070 

Ten  minutes 

66» 

18° 

5-24 

•084 

f>             •••    ••• 

62» 

19° 

8*82 

•109 

»            

7V 

20° 

217 

•170 

»i             

78° 

24° 

1-38 

•285 

Boiling  and  agitated 

80^ 

28° 

090 

•^64 

'  Cooling  again 

76» 

19° 

1*83 

•240 

M                          If 

er 

15° 

1-50 

•222 

»                      it 

65» 

13° 

1-72 

•202 

i»                      »» 

60° 

11° 

1*82 

•194 

tt                         9t 

66« 

10° 

211 

•176 

Kow  it  appeared  as  if  the  boiling  had  caused  this  immense 
increase  of  quantity,  but  on  recharging  the  cell  with  fresh  mixture 
the  readings  were  75®  to  22®,  so  that  the  act  of  boiling  first 
dissolved  the  salts  perfectly,  but  the  agitation  and  heat  actually 
only  raised  the  deflection  from  75°  to  80°.  This,  however,  is  a  con- 
siderable increase,  since  the  tangents  of  these  angles  are  3*73  and 
5*67  respectively ;  so  that  in  the  production  of  electricity  from  a 
battery  for  lighting  purpose,  etc*,  it  would  be  of  advantage  to 
keep  the  liquid  agitated  by  boiling  or  by  blowing  air  through  it. 
The  electro-motive  force  of  this  cell  is  about  0*5  volt. ;  without  the 
cinders,  the  deflection  fiills  from  75°  to  60°,  and  rises  again  to  75® 
on  replacing  the  cinders ;  in  an  earthenware  jar  instead  of  the 
biscuit  tin,  70®.  as  against  75®,  but  an  electro-motive  force  in  this 
case  of  1  volt :  thus,  the  tin  helps  to  reduce  the  resistance  of  the 
cell,  but  the  local  action  lowers  the  electro-motive  force.  Such  a 
cell  naturally  rapidly  exhausts  when  on  short  circuit.  With  the 
tangent  galvanometer  used  in  this  experiment  a  Minotti  cell  of 
19*5  ohms  resistance  will  give  deflections  of  52®  and  33®. 

BsLOAiTM,  Uh  Uareh,  1888. 
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J.  STBTAV^THE  ACTION  OF  IBON  AS  A  MAGNETIC  8CBEEN. 
{AnnaXen  der  Phyiik  und  Chemie,  B.  17,  H.  6,  No.  13, 188S,  pp.  928-955.) 

[It  may  be  well  at  the  outset  to  remark  that  the  term  **  screen  "  does  not 
seem  very  well  chosen,  since  by  **  screen  "  we  generally  understand  something 
interposed  on  the  straight  line  joining  two  points;  but  in  the  present 
inyestigation  the  term  *<  screen  "  is  applied  to  a  mass  of  iron  placed  anyvthere 
in  the  field  of  force  of  a  magnet.] 

The  author  refers  to  the  observation  of  Poisson,  in  his  theoretical 
discussion  of  magnetism,  that  when  a  hollow  iron  sphere  is  subjected  to  the 
action  of  magnetic  lines  of  force,  the  effects  produced  in  the  hollow  interior 
are  much  less  than  those  outside  the  sphere,  the  mass  of  iron  acting  at  a 
magnetic  screen;  and  he  then  goes  on  to  give  an  account  of  some  recent 
experiments  on  the  subject  made  by  himself. 

I.  DiPLicnoir  Expisiicsnts. 

The  magnet  to  be  deflected  was  the  ring  magnet  of  one  of  Edelmann's 
galvanometers.  The  deflecting  magnet  was  placed  in  a  line  passing  through 
the  centre  of  the  ring  magnet  of  the  galvanometer,  and  at  right  angles  to 
the  magnetic  meridian.  At  a  distance  of  81  cm.  a  cylindrical  bar  magnet, 
6  cm.  long  and  1  cm.  in  diameter,  produced  a  deflection  of  116  divisions  of  the 
scale.  When  a  short  iron  tube,  5  cm.  long,  1  cm.  thick,  and  11  cm.  internal 
diameter,  was  placed  concentrically  over  the  bar  magnet^  so  as  to  form  an 
envelope  to  it,  the  deflection  was  reduced  to  22  divisions,  or  to  one-fifth  of 
its  original  value.  An  iron  tube,  10  cm.  long,  but  otherwise  of  the  same 
dimensions,  and  which  therefore  projected  beyond  each  end  of  the  bar 
magnet,  reduced  the  deflection  to  12  divisions. 

A  bar  magnet^  10  cm.  long  and  1  cm.  in  diameter,  produced,  at  a  distance 
of  84*8  cm.  from  the  galvanometer,  a  deflection  of  495  divisions,  and  at 
41*4  cm.,  281  divisions.  By  slipping  the  5-cm.-long  tube  over  the  magnet, 
which  in  this  case  projected  beyond  its  envelope,  the  above  deflections  were 
reduced  to  70  and  41  divisions  respectively. 

An  iron  tube  also  diminishes  the  effect  of  the  deflecting  magnet  if  it  be 
placed  above  or  below  the  latter,  but  in  the  same  plane  with  it,  instead  of 
enveloping  it  on  all  sides,  as  is  shown  in  the  following  table,  in  which  J^  is  the 
vertical  distance  between  the  axis  of  the  bar  magnet  and  the  axis  of  the  iron 
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tube.    I.  refers  to  the  magnet  6  cm.  long,  and  II.  to  the  10-cm.  bar,  while  B 
gives  the  divisions  of  deflection. 

116 
495 

The  action  of  the  magnet  is  also  diminished  if  a  flat  iron  plate  be  placed 
either  above  or  below  it.  A  round  iron  disc,  1*2  cm.  thick  and  18  cm.  dia. 
meter,  was  placed  in  a  horizontal  position  at  varying  distances  (h)  above  the 
10-cm.  magnet,  and  the  following  deflections  were  noted  i^-» 


h^    0 

25 

5 

7-6 

•10 

12-5 

I. 

8-22 

85 

66 

90 

102 

110 

II. 

8-70 

127 

184 

288 

486 

468 

^  -     2*5  I         5 
8-276  888 


7*6 
440 


495 


If  the  disc  is  placed  by  the  side  of  the  bar  magnet,  so  that  its  horizonal 
diameter  is  parallel  to  the  axis  of  the  magnet,  a  similar  effect  is  produced ;  but 
if  the  plate  is  placed  either  in  front  of  or  behind  the  deflecting  magnet,  a  small 
increase  of  effect  is  observed  instead  of  a  decrease. 

II.  OSCIUATION  EzPIBIllXirTS. 

A  small  cylindrical  magnet,  8  cm.  long  and  0*4  cm.  in  diameter,  was 
suspended  by  a  fibre,  and  the  time  of  oscillation  was  6*9  seconds  •  with  a  bar 
of  brass  in  place  of  the  magnet  the  time  of  oscillation  was  84*4  seconds.  If  a 
hollow  iron  cylinder,  5  cm.  high,  11  cm.  internal  diameter,  and  1*5  cm.  thick, 
was  now  placed  surrounding  the  magnet  in  such  a  position  that  they  had  a 
common  axis,  and  the  centre  of  the  iron  cylinder  coincided  with  the  centre  of 
the  magnet,  then  the  time  of  oscillation  was  considerably  increased.  Kot 
only  did  this  increase  take  place  when  the  centre  coincided,  but  also  when 
the  magnet  was  displaced  so  as  to  be  above  the  axis  of  the  hollow  iron  cylinder, 
as  is  shown  in  the  following  table,  in  which  h  is  the  height  of  the  centre  of 
the  magnet  above  the  axis  of  the  cylinder,  and  r  the  corresponding  time  of 
oscillation.  T/m,  is  the  ratio  between  the  horizontal  component  of  the  earth's 
magnetism  and  the  intensity  of  the  magnetic  field  at  the  varying  points  of 
the  magnet.  These  figures  show  how  much  the  effect  of  the  earth's  magnet- 
ism has  been  diminished  by  the  influence  of  the  iron  cylinder  :— 

h»    0 

T  -  18*6 
T^^,-    610 

A  second  series  of  observations  with  a  cylinder  5  cm.  high,  11  cm.  internal 
diameter,  and  1  cm.  thick,  gave  the  following  values :— 


1*25 

26 

5 

7-5 

12-8 

11-0 

8-4 

71 

6*30 

8-76 

2-09 

1*47 

10 
6*6 
1*26 


?i  -    0 
T  -  12-4 
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2-5 

5 

9-7 

71 

888 

1-93 

7*5 
60 
1*4 


A  third  cylinder  10  cm.  high,  11  cm.  internal  diameter,  and  1  cm.  thick, 
was  then  tried,  with  the  following  results:— 

10 
6*0 
1*4 


h^      0 

2*5 

5 

7*5 

T-    17-2 

17*0 

10*4 

7-2 

T/^,-    10*81 

7-84 

865 

1*96 
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m.  iNDuonoir  ExpnnoifTs. 

A  bobbin  if  placed  with  its  axis  perpendicular  to  the  plane  of  the 
magnetic  meridian,  and,  whilst  always  kept  in  the  same  relative  poaition,  it  la 
gradually  inserted  into  a  hollow  cylinder  of  soft  iron,  on  which  a  very  feeble 
induced  current  is  produced.  The  effect  is  barely  noticed  unless  a  very 
powerful  magnetic  field  is  used,  and  the  author  therefore  made  use  of  an 
electro-magnet  constructed  on  Buhmkorff's  pattern.  If  a  bobbin  is  brought 
up  from  a  distance  into  the  magnetic  field,  a  current  is  induced ;  if  then  a 
cylinder  of  soft  iron  is  brought  up  so  as  to  surround  the  bobbin,  an  induced 
current  equal  in  intensity  is  set  up,  but  in  the  contrary  sense  to  the  former 
one. 

In  the  above  experiments  the  plane  of  the  convolutions  of  the  bobbin  was 
perpendicular  to  the  lines  of  force.  A  variation  in  the  experiment  may  be 
made  by  placing  the  plane  of  the  convolutions  parallel  to  the  lines  of  force, 
and  passing  an  iron  disc  through  them,  then  the  lines  of  force  pass  sym- 
metrically through  the  disc.  If  the  disc  is  covered  on  one  side  with  an 
annular  piece  of  soft  iron,  a  current  is  produced  in  one  or  the  other  direction, 
according  as  the  convolutions  are  nearer  to  the  one  or  other  edge  of  the  disc. 

Very  significant  results  are  obtained  by  winding  the  convolutions  of  wire 
on  the  wall  of  the  cylinder  longitudinally  parallel  to  the  axis  of  .the  cylinder, 
as  is  done  in  the  Facinotti  ring  and  in  the  Gramme  machines.  If  the  bobbin 
thus  constructed  be  placed  in  the  same  magnetic  field  as  before,  and  the  coils 
are  made  to  rotate  around  the  axis  of  the  iron  cylinder,  a  current  is  induced. 
A  current  is  also  produced  if  the  coils  and  the  cylinder  are  rotated  together ; 
but  no  current  results  if  the  coils  are  kept  still  and  the  cylinder  is  rotated. 

The  experiment  can  be  modified  by  making  the  coils  and  the  cylinder 
rotate  around  different  axes,  or  by  giving  one  a  motion  of  translation  with 
respect  to  the  other.  In  the  latter  case,  if  a  translatory  motion  is  imparted  to 
both  coils  and  cylinder  in  the  same  direction,  there  is  no  current}  but,  in  order 
to  produce  a  current^  there  must  be  a  relative  displacement. 

This  last  observation  is  curious:  in  fact,  if  it  is  closely  examined,  it  is 
seen  that  the  portion  of  the  wires  which  are  inside  the  cylinder  move  in  a 
magnetic  field  which  is  weaker  than  that  in  which  are  the  exterior  wires ; 
and  it  would  therefore  seem  that  a  current  ought  to  be  set  up.  But  on 
moving  the  cylinder  in  the  magnetic  field,  the  lines  of  force,  which  may  be 
looked  upon  as  physical  lines,  move  from  the  front  part  of  the  tube  towards 
the  back  part,  in  such  manner  that  the  wires  inside  cut  as  many  lines  of  force 
as  the  wires  outside,  and  there  is  thus  no  current. 

To  make  more  sure  of  this  result,  the  author  tried  the  following  experi- 
ment:—Two  binding  screws  were  fastened  at  the  corners  of  a  table  and 
connected  with  a  galvanometer.  In  the  binding  screws,  two  stout  copper 
wires,  bent  in  form  of  an  arch,  were  fastened;  and  the  ends  of  these  two 
arches  were  united  by  a  copper  wire  stretched  along  a  lath.  The  line  joining 
the  binding  screws,  as  well  as  the  lath,  were  placed  at  right  angles  to  the 
magnetic  meridian,  so  that  the  bent  wires  formed  two  vertical  planes  parallel 
to  the  latter.    If  the  latter  was  moved  in  the  direction  of  the  magnetic 
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meridian,  the  yertieal  component  of  the  earth's  ma^etism  indnoed  a  current 
•which  could  be  meatored  on  the  galvanometer.  If  the  wire  on  the  lath  was 
surroonded  by  an  iron  tabe,  and  the  experiment  repeated,  the  current 
produced  had  the  same  value  as  before. 

From  the  equality  of  the  two  currents,  it  follows  that  the  progressive 
motion  of  a  closed  conductor  in  a  homogeneous  magnetic  field  is  productive  of 
no  induced  current  if  a  part  of  the  conductor  is  surrounded  by  a  tube  of  iron. 
Farther,  the  author  shows  that  a  current  which  flows  through  an  iron  tube 
'  in  the  direction  of  its  axis,  imparts  a  progressive  motion  to  the  tube,  which  is 
at  right  angles  to  the  axis  and  the  magnetising  force  of  the  earth* 


O.  OVGLZBLMO— THE  USE  OF  AN  ELEOTBOMETEB  IN  THE 
MEASUBEMENT  OF  LIQUID  BESISTANOE. 

{JBvhXm^,  B.  6,  Bi,  10, 1882,  p.  808.) 

The  author  finds  that  for  the  determination  of  resistances  Wheatstone's 
method  is  much  preferable  to  Mance's;  and  he  makes  use  of  an  electrometer 
in  connection  with  the  bridge  method.  The  current  of  the  battery  is  only 
momentarily  dosed,  and  immediately  the  electrometer  is  disconnected  from 
the  bridge  by  a  suitable  key.  The  time  between  the  closing  of  the  battery 
circuit  and  the  cutting  out  of  the  electrometer  is  extremely  short,  and  allows 
the  polarisation  no  time  to  act  on  the  electrometer. 

For  the  determination  of  the  E.M  J*,  of  polarisation,  Guglielmo  connects 
the  cell  in  the  branch,  0  D,  of  the  bridge,  A  B  0  D  A,  as  well  as  the  polarisa- 
tion  apparatus;  makes  the  branch  A  B  ■■  B  0  »  r ;  connects  D  to  earth,  B  to 
the  electrometer,  and  makes  the  resistance  of  A  D  and  0  D  equal.  Then  the 
difference  of  potential  shown  on  the  electrometer  A—  }  (E— -«),  where  E  is 
EJMLF.  of  the  cell,  and  «  that  of  polarisation.  If,  then,  E  is  known^  e  can  be 
calculated.  If,  instead  of  putting  the  junction  D  to  earth,  a  point,  D', 
between  the  cell  and  the  polarisation  apparatus  be  joined  to  the  earth  wire, 
and  the  branches  are  arranged  so  that  A  B  »  B  0  and  A  jy  «>  D'  0,  the 

difference  of  potential  on  the  electrometer  A'  —  i  (E  +  «),  so  that  now  both 
E  and  «  can  be  determined. 


P.  BAXUBL-A  NEW  METHOD  FOB  HEASUBINa  THE  INTEBNAL 

BESISTANOE  OF  BATTEBIES. 

{BeiblStter,  B.  6,  8t.  11,  1882,  p.  885.) 

The  author  proposes  to  conduct  the  secondary  current  of  an  induction 
coil  through  the  two  outer  equal  and  co-axial  coils  of  a  Hughes  sonometer, 
and  to  connect  the  third  movable  coil  with  a  telephone,  the  movable  coil 
being  placed  in  such  a  position  that  the  currents  induced  in  it  by  the  outside 
fixed  coils  neutralise  each  other,  and  no  sound  is  heard  in  the  telephone. 
The  cell  to  be  experimented  on  is  then  joined  up  in  the  circuit  of  one  of  the 
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two  fixed  emit,  while  'by  nwonj  of  a  rheoiUt  m  Tarying  naiatanoe  is  intro. 
dnc«d  into  tba  circuit  of  the  other  ooil,  until  the  telephone  again  giTea  no 
■onnd.  Then  the  reeutaaoe  of  the  battery  ii  eqnal  to  the  renatanee  •» 
introduced. 

The  wcondaiy  corrent  of  an  iudnotion  coil  can  alao  be  oondneted  throngh 
an  ordinu7  Wheat«tone  bridge  arrangement,  a  telephone  being  joined  np  ill 
place  of  the  Tunal  galTanometer.  If  the  battery  and  the  Tariable  reaicbnce 
are  in  two  oonaecntlTe  branohu  of  the  bridge,  and  the  latter  ii  altered  until 
there  is  no  wund  in  the  telephone,  it  will  he  equal  to  the  battery  ti 
Ihia  method  i^  however,  leu  exact  than  when  the  sonometer  ii 


Dr.  S.  OBACS— A  NEW  FOBH  OF  BATTEBY  FOB  FBOSUCINa  A. 

POWERFUL  AND  CONSTANT  CUBEENT  OF  LONG  DUEATION. 

(Carl'i  Btpartariam,  B.  18,  B.  11,  up.  638-650.) 

In  carrying  out  a  Beries  of  experimente  with  his  movable  ring  tangent 

galvanometer,  the  aathor  was  in  want  of  a  battery  which  ihosld  give  a  oon- 


dderable  current  for  a  length  of  time,  and  yet  be  quite  conatan^  and  be 
•ocordiogly  devised  the  form  of  cell  which  he  deseribes. 

It  is  a  zino.eatbon  element,  the  exciting  flnids  being  as  uan&l  dilate 

•ul^mio  and  strong  nitric  acids,  which,  owing  to  the  arrangement  of  tha 

«^,  are  oontinnally  renawed.    The  internal  resistance  of  one  of  these  oells  i« 

•n  the  average  <>0T  ohm  and  the  B.M.F.  a-09  volts ;  it  can  therefore  prodnoe, 

hen  ■bort.ciindtad,  a  oorrent  of  nearly  W  amptres. 
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The  aocompanjing  flg^ore  and  description  will  render  the  oonstmction 
clear.  GG  it  a  wide-mouthed  glass  bottle,  20  cm.  high  and  12*5  cm.  in 
diameter,  which  can  be  placed  in  an  inverted  position  on  any  conTenient 
stand.  The  bottom  is  cut  off  and  is  replaced  by  a  cover  of  wood  saturated 
with  paraffln.  The  porous  pot^  P,  of  red  clay  is  held  in  a  ring  of  cork ;  it  is 
SS-6  cm.  deep,  and  has  an  inside  diameter  of  6  cm.  It  is  essential  that  care 
should  be  used  in  the  selection  of  a  proper  porous  vessel,  as  the  successful 
working  of  the  cell  depends  in  great  measure  on  this.  With  the  porous  cells 
used  by  the  author,  the  whole  outside  surface  was  thoroughly  moist  in  one 
minute  after  the  cell  had  been  filled  with  water. 

In  the  uj^r  end  of  the  porous  pot  is  a  cork  thoroughly  saturated  with 
-^ATumn^  through  which  passes  the  square  end  of  the  round  carbon^-K.  This 
block  is  made  from  retort  carbon,  and  is  22*6  cm.  long  and  8-6  cm.  in  diameter; 
it  is  bored  out  from  below  to  a  diameter  of  1-6  cm.  for  a  length  of  18  cm.,  and 
at  the  top  of  the  bore  are  a  number  of  radial  perforations.  A  glass  tube,  M, 
with  funnel-shaped  top,  reaches  up  to  these  openings,  and,  below,  it  passes 
through  the  bottom  of  the  clay  vessel  and  the  cork  stopper  at  the  mouth  of 
the  glass  bottle.  The  bottom  of  the  porous  pot  is  covered  with  a  coating  of 
paraffin,  as  are  also  its  upper  edge  and  the  top  of  the  carbon.  On  the  shoulder 
of  the  glass  bottle  rests  a  gutta  percha  ring,  hollowed  out  in  form  of  a  gutter, 
m  y,  and  filled  with  mercury,  into  which  dips  the  lower  end  of  the  zinc 
cylinder,  16  cul  high,  6  mm.  thick,  and  weighing  2  kg.  Through  the  cork  in 
the  mouth  of  the  bottle  pass  the  two  tubes,  B  and  r,  while  through  the 
wooden  cover  pass  the  thistle-tubes,  i  and  t',  the  former  reaching  to  the  upper 
edge  of  the  zinc,  and  the  latter  to  the  bottom  of  the  porous  pot. 

The  liquids  circulate  through  the  cell  in  the  following  way : — ^The  fresh 
nitric  acid  fiows  through  the  thistle-tube  t'  down  to  the  bottom  of  the  porous 
cell,  while  the  spent  acid  fiows  off  through  the  side  holes  at  the  top  of  the 
carbon  and  the  centre  tube,  M,  into  a  receiving  vessel  placed  below  the  cell. 
The  dilute  sulphuric  acid  enters  above  by  the  short  tube  t,  and  fiows  off  below 
by  the  syphon  tube  B.  The  level  of  the  two  liquids  differs  slightly,  as  shown 
bp  the  dotted  lines  in  the  figure.  S  S  is  the  cross  section  of  a  glass  tube  bent 
into  a  circle,  through  which  a  current  of  cold  water  passes  in  order  to  keep 
the  liquid  of  the  cell  at  a  constant  temperature.  All  the  connections  are  made 
by  means  of  mercury.  The  connection  with  the  zinc  cylinder  is  made  by 
a  copper  wire,  enclosed  in  a  glass  tube,  passing  through  the  wooden  lid,  and 
reaching  down  into  the  mercury  in  the  gutta  percha  gutter  in  which  the  zinc 
stands,  while  the  square  end  of  the  carbon  is  provided  with  a  cup,  Q,  bored  in 
it  and  filled  with  mercury. 

The  author  describes  the  manner  of  mounting  two  or  more  cells,  as  well 
a  number  of  measurements  made  with  such  a  battery,  and  an  ingenious  form 
of  mercury  commutator  for  eonnecting  the  cells  in  different  ways. 
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The  One  Hnndred  and  Twenty-first  Ordinary  Creneral  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25y  Chreat  George  Street,  Westminster,  on  Thursday  evening, 
April  12th,  1883— Mr.  Willoughby  Smtih,  President,  in 
the  Chair. 

The  minutes  of  the  last  meeting  were  read  and  confirmed,  and 
the  names  of  new  candidates  were  announced  and  suspended. 

The  Segretart  announced  the  following  donations  to  the 
Library : — Professor  A.  Graham  Bell,  Member ;  Dr.  J.  Hopkinson, 
F.R.S.,  Member ;  Mr.  F.  G.  Teale,  Member ;  Mr.  S.  M.  Banker, 
Associate ;  Mr.  T.  Baxter,  Herr  A.  Hartleben,  the  Direct  Spanish 
Telegraph  Company,  and  the  Electrical  Trading  Company. 

A  unanimous  vote  of  thanks  to  the  donors  was  passed. 

The  following  paper  was  then  read : — 

ON  MICROPHONIC  CONTACTS. 
By  Shelford  Bidwell,  M.A.,  LL.B. 

It  is  generally  admitted  that  the  variation  of  the  electrical 
resistance  of  two  conductors  in  contact,  under  different  degrees  of 
pressure,  was  first  observed  by  M.  du  Moncel,  whose  researches  on 
the  subject  were  published  in  1856.  This  principle  was  applied 
ten  years  later  by  M.  Clerac  in  the  construction  of  rheostats,  the 
resistance  of  which  was  varied  by  the  pressure  of  a  piston  upon 
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powdered  caxbon  contained  in  an  insulating  tube.  In  July,  1877, 
Mr.  Edison  took  out  a  patent  for  his  celebrated  telephone  trans- 
mitter, in  which  the  varying  pressure  of  a  tympanum  or  diaphragm 
upon  a  semi-conducting  material  was  used  to  regulate  the  strength 
of  an  electric  current  in  such  a  manner  as  to  render  it  capable  of 
reproducing  speech  in  a  suitable  receiver. 

On  May  9th,  1878,  a  very  remarkable  paper  was  read  before 
the  Royal  Society  by  Professor  Hughes.  It  was  entitled  * "  The 
Action  of  Sonorous  Vibrations  in  varying  the  Force  of  an  Electric 
Corrent,"  and  contained  descriptions  of  a  great  number  of  experi- 
ments,  which  showed  in  e^ect  that  apparatus  of  the  very  simplest 
description,  consisting  merely  of  loose  contacts  of  any  substance 
which  would  conduct  electricity,  could  be  used,  not  only  for 
transmitting  speech,  but  for  rendering  audible  in  the  telephone 
sounds  which  to  the  unassisted  ear  were  quite  inappreciable.  It 
is  to  this  latter  property  that  the  microphone,  with  which  the 
name  of  Professor  Hughes  will  always  be  associated,  owes  its  title. 

Though  at  the  present  time  the  matter  is  of  great  practical 
importance,  there  is  much  in  the  details  of  the  behaviour  of 
microphonic  contacts  which  has  not  hitherto  been  fully  inves- 
tigated or  satisfectorily  explained ;  and  it  was  for  the  purpose  of 
throwing  some  little  additional  light  on  the  subject,  and  if  possible 
clearing  up  certain  apparent  anomalies  connected  with  it,  that 
the  experiments  described  in  this  paper  were  undertaken. 

Loose  contacts  are  proverbial  for  the  uncertainty  of  their 
action,  and  it  was  to  be  expected  that  the  investigation  would 
prove  troublesome,  and  the  results  obtained  by  no  means  uniform. 
But  by  multiplying  experiments,  the  element  of  uncertainty  has 
been  to  a  great  extent  removed,  and  several  interesting  fects,  not, 
I  think,  previously  noticed,  seem  to  be  clearly  established. 

The  first  requisite  was  an  instrument  for  aocurately  measuring 
and  regulating  the  pressure  between  the  conducting  materials. 
Several  devices  were  tried,  and  successively  abandoned  as  unsatis- 
fiujtory.  The  arrangement  which  was  finally  adopted,  and  which 
was  used  for  nearly  all  the  experiments,  is  shown  in  Fig.  1.  The 
apparatus  'consists  of  a  little  balance.  H  K  is  a  light  steel  rod 
(formed  of  a  fine  knitting  needle),  balanced  at  C  on  a  knife-edge 
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which  is  fixed  at  right  angles  to  it.  To  one  end,  K,  is  attached  a 
spUt  tnbe  of  thin  copper  for  holding  short  rods  of  the  different 
Bubstanoes  to  be  tested,  which  are  held  so  as  to  press  at  right  ^ 
angles  upon  another  rod,  B,  held  in  a  spring  clamp.  Midway 
between  C  and  K  is  hung  the  scale-pan,  S,  and  at  H  is  a  sliding 
counterpoise,  which  at  the  beginning  of  an  experiment  is  so 
adjusted  that  a  weight  of  *01  gramme  in  the  scale-pan  will  just 
faring  £  and  B  into  contact  with  each  other.  Electrical  con- 
nection is  made  through  the  wires,  W^  and  W,,  the  former  of 
which  is  attached  to  the  clamp  holding  B,  and  the  latter  com- 
municates with  a  mercury  cup,  into  which  dips  a  wire  attached  to 


H 


Fig.  1. 

the  rod  H  K  at  the  point  C.  It  is  evident  that  the  pressure 
between  K  and  B  will  be  very  approximately  equal  to  half  the 
weight  in  the  scale-pan,  S. 

The  object  of  the  first  experiments  was  to  ascertain  the  effects 
of  various  pressures  upon  the  resistance  of  two  carbon  rods  in  the 
positions  shown  at  K  and  B,  the  measurements  being  made  with 
a  Wheatstone's  bridge  in  the  ordinary  manner.  The  rods  selected 
were  electric  light  pencils  of  gas  carbon,  6  mm.  in  diameter.  In 
all,  seventeen  series  of  observations  were  thus  made,  the  weights 
in  the  scale-pan  varying  firom  *5  gramme  to  100  grammes.  The 
mean  of  three  of  these,  which  were  performed  with  the  same 
balance,  and  under  as  nearly  as  possible  the  same  conditions,  is 
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given  in  Table  I.,  from  which  was  constructed  the  curve,  Fig.  2, 
where  the  abscisssB  represent  the  pressures  at  the  point  of  contact, 
and  the  ordinates  the  resistance  in  ohms.  The  curve  shows  clearly 
that  the  greatest  variations  occur  when  the  pressure  is  small  and 
the  resistance  comparatively  high.  Thus,  between  *25  gramme 
and  *5  gramme  the  resistance  falls  5*1  ohms,  while  between  25 
and  50  it  only  falls  *3  ohm. 

In  making  these  measurements  the  details  of  the  arrange- 
ments were  from  time  to  time  varied.  Pifferent  proportional 
coils  were  Used  and  diflferent  numbers  of  battery  cells,  and  it 
soon  became  evident  that  the  resistance  of  the  carbon  contact 

TABLE  L 
Belaiion  htitween  the  presiure  of  ewrbon  oontaeU  and  thMr  reaiitanee  when  m$<uwnd 

in  the  ordtnory  way. 


PreflBure. 

Besiitanoe. 

Pz^More. 

Beti8tano«. 

Grammes. 
•25 

Ohmi. 
1610 

Grammei. 
6 

Ohms. 
4-23 

•5 

11 

7-6 

858 

1 

848 

10 

806 

1-5 

6-70 

12-5 

2-80 

2 

6-15 

16 

2-60 

2-5 

5-90 

17-6 

2-46 

8 

613 

20 

288 

8-5 

6 

25 

216 

4 

4-60 

50 

1-86 

4-6 

4-88 

V 

was  largely  dependent  on  the  electro-motive  force  or  the  strength 
of  the  current  used. 

In  Table  II.,  giving  the  mean  of  two  series  of  observations, 
is  shown  the  result  of  using  one,  two,  three,  and  four  cells 
successively. 

It  became  interesting  to  ascertain  what  would  be  the  effect  of 
making  still  further  variations  in  the  strength  of  the  measuring 
current.  A  box  of  resistance  coils  was  therefore  inserted  between 
the  battery  (2  Leclanch^'s)  and  the  bridge  arrangement,  and,  the 
weight  in  the  pan  remaining  the  same,  various  resistances  were 
successively  unplugged  in  the  box.  Table  III.  gives  a  few  of  the 
measurements  with  pressures  of  -5,  2-5,  7'5,  and  25  grammes. 
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This  table  shows  that  the  resistance  of  the  carbon  contacts  varies 
greatly  with  the  strength  of  the  current  when  the  pressure  is 
smaU,  andbut  very  alightly  when  the  pressure  is  great. 

It  is  clear,  therefore,  that  the  diminution  of  resistance  which 
occurs  when  the  pressure  between  carbon  contacts  is  increased,  is 
not  under  ordinary  circumstances  due  solely  to  the  increase  of 
pressure;  for  the  diminished  resistance  which  results  fix>m  the 
increased  pressure  causes  an  increase  in  the  strength  of  the 
current,  the  effect  of  which  is  a  still  further  fall  in  the  resistance. 

TABLE  n. 
Effect  upon  reHstcmee  qf  increated  electro-motive  force. 


Preimiro. 

Besiatanoe  in  ohms  with 

loell. 

Soellf. 

SoellB. 

4oeUf. 

Granunai. 
•26 

1110 

7-20 

4-70 

8*55 

•6 

5*95 

470 

410 

8*50 

1 

440 

8*66 

8-25 

810 

1*6 

8-80 

8*20 

295 

2-80 

2 

8-56 

815 

2*80 

2*50 

2-5 

8-86 

2-95 

2-65 

2*40 

8 

2*90 

2-56 

2-86 

2-80 

8*6 

2*46 

2-80 

205 

1*95 

4 

2*25 

210 

2 

1-90 

4-5 

210 

1*95 

1-86 

1-75 

6 

1*96 

1-85 

1-75 

1-70 

7-6 

1*66 

1-55 

1-60 

1*55 

10 

1*60 

1-45 

1*40 

1*35 

25 

116 

1H)5 

105 

1H)5 

Thus  the  total  diminution  of  resistance  is  due  only  partly  to 
increase  of  pressure,  and  partly  also  to  increased  strength  of 
current. 

An  experiment  was  devised  for  exhibiting  this  effect  in  a 
conspicuous  manner.  The  arrangement  of  the  apparatus  is  shown 
in  Fig.  3.  a,  na^nXy  and  x  are  the  arms  of  an  ordinary  Wheat- 
stone's  bridge  arrangement,  B  is  a  battery,  and  G-  a  reflecting 
galvanometer.  In  the  arm  x  is  placed  the  carbon  balance,  S,  and 
in  the  same  arm  a  box  of  resistance  coils,  B ;  at  a  is  a  resistance 
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of  2  ohms,  and  at  wa  1,000  ohms.  All  the  resistance  being 
plugged  out  of  R,  the  resistance  of  S,  with  a  weight  of  1  gramme 
in  the  scale-pan,  was  found  to  be  6*4  ohms.    Two  granmies  were 


en 


then  put  in  the  scale-pan  and  the  resistance  fell  to  5*1  ohms.  In 
order  to  ascertain  how  much  of  this  effect  was  due  to  increased 
strength  of  current,  a  resistance  was  inserted  at  B  sufficient  to 
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reduce  the  current  to  its  original  strength — that  is,  in  the  present 
case,  sufficient  to  make  the  total  resistance,  S  +  S,  equal  to  the 
original  resistance  of  6*4  ohms.  Now,  in  order  to  bring  up  the 
total  resistance  to  6*4  ohms,  it  was  found  necessary  to  insert  at  E, 
not  1*3  ohms,  as  might  have  been  expected,  but  exactly  1  ohm. 
The  resistance  of  the  carbon  alone  was  now  (6*4  ohms  —  1  ohm  =) 
5*4  ohms,  a  weight  of  2  grammes  being  in  the  scale-i)an,  but  the 
current  the  same  as  when  only  1  gramme  was  in  the  scale-pan. 
The  further  reduction  of  0*3  ohm  when  the  measurement  was 
made  without  the  added  resistance  was  due  to  the  increased 
strength  of  current  consequent  upon  the  increased  pressure. 

TABLE  ni. 
Effect  of  varying  cfwrremJt  hy  inserting  resistance  hettoeen  the  battery  amd  the  bridge. 


Added 
TesistAzioe 
in  cironit. 

BeBlstance  of  contact  in  ohms  with  pzeunres  of 

'6  gramme.      Z'S  grammes. 

7*6  grammes.      25  grammes. 

Ohms. 
0 

5-6 

2-7 

1-7 

102 

5 

— 

2-8 

18 

1-03 

10 

6-9 

2-9 

18 

103 

50 

7-7 

81 

1-9 

103 

100 

8-6 

31 

1-9 

103 

500 

9-3 

31 

1-9 

103 

1,000 

97 

31 

1-9 

1-03 

A  similar  arrangement  was  then  used  for  determinmg  the 
resistance  of  the  carbon  contacts  imder  gradually  increasing 
pressure,  but  with  a  constant  current.  If  E  denote  the  electro- 
motive force  of  the  battery,  and  B  its  internal  resistance,  then 
the  current  through  the  arm  containing  S  will  be 

n  E 


71  H-  1 


B  + 


71  (g  -f  xy 


or 


(a  4-  a;)  +  71  (a  +  x) 

TlE 


(71  +  1)B  +  7i(a  -f  a;) 

From  this  it  is  easy  to  determine  what  resistances  should  be 
inserted  in  the  several  branches  of  the  bridge  in  order  to  obtain  a 
current  through  x  (and  therefore  through  the  carbon  contaots)  of 
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any  definite  strength.  For  example,  suppose  that  the  electro- 
motive force  of  our  battery  is  5  volts,  its  internal  resistance  4*5 
ohms,  that  a  =  10,  n  =  100,  and  na  =  1,000,  and  that  we 
desire   a   constant  current  of  ^(^  ampdre,  then  we  shall  have 

m  =  100  {X  +  10)°^  101  X  4-5  •  ^«°^  '^  =  3^"^  °^'y- 
We  therefore  put  a  resistance  of  (35*5  x  100  =  )  3,550  ohms  in 
the  branch  nx^  and  adjust  the  resistance  in  the  box,  B,  tuitil  the 
galvanometer  indicates  a  balance.  We  then  know  that  the  re- 
sistance of  B  and  S  together  (=  x)  is  35*5  ohms,  and  that  a 
current  of  iV  ampere  is  passing  through  B  and  S.  In  order  to 
find  the  resistance  of  S  alone,  it  is  simply  necessary  to  subtract 


from  35*5  ohms  the  implugged  resistance  in  B.  It  will  be  under- 
stood, therefore,  that  the  resistance  ia  nx  remains  unchanged 
throughout  the  experiment,  the  measurements  being  made  by 
varying  the  resistance  in  B  until  a  balance  is  obtained. 

In  Table  IV.  are  given  the  results  obtained  with  constant 
currents  of  *1  and  *001  ampdre,  the  pressure  at  the  point  of  con- 
tact increasing  from  *05  gramme  to  25  grammes,  all  of  them 
representing  the  mean  of  several  series  of  measurements.  It 
will  be  seen  that  with  small  pressures  the  resistance  is  largely 
dependent  on  the  strength  of  the  current,  but  when  the  pressure 
considerable  the  resistance  with  weak  and  strong  currents  is 
arly  the  same.    This  appears  in  the  curves.  Fig.  4. 
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The  same  effect  may  be  exhibited  in  another  fonn  by  varying 
the  current  when  the  pressure  remains  constant. 

Table  V.  shows  the  variations  in  the  resistance  with  currents 
of  from  •01  ampdre  to  -2  ampere,  the  pressure  at  the  point  of 
contact  being  maintained  at  1  gramme.  The  results  are  also 
shown  in  the  curve,  Fig.  5. 

A  few  experiments  were  made  in  order. to  ascertain  whether 
the  diminution  of  resistance  imder  pressure  was  entirely  of  a 
temporary  nature,  or  whether  it  continued  in  any  degree  after  the 
pressure  had  been  removed.  It  was,  of  course,  necessary  to  guard 
against  the  slightest  disturbance  of  the  carbon  contacts,  and  it 

TABLE  rV. 
EffeetM  <^  prestwre  upon  resittcmee  of  carbon  contaeU  with  eomtant  cwrr&nU, 


IVOliUO. 

BesiBUnoa  of  contaoU 

1 

Fretiaro. 

BatUUmoa  of  oontacta 

with 
•1  ampere. 

with 
*001  ampere. 

with 
•1  ampere. 

with 
•001  amp^. 

Grmmmefl. 
•06 

Ohmt. 
1102 

Ohms. 
68 

Grammiw. 
4 

Ohms. 
8-68 

Ohma. 
6-70 

•25 

9-27 

26-60 

4-5 

8-41 

4-96 

•6 

8-45 

17-75 

6 

8-81 

4-95 

1 

6-66 

1176 

7-5 

2-96 

8-66 

1-6 

6-68 

9-76 

10 

2-51 

8^15 

2 

6-84 

7-60 

16 

2-10 

2-45 

2*6 

4-67 

6-50 

20 

1-89 

2^10 

8 

4-16 

686 

26 

1-67 

175 

8-6 

4-08 

6-70 

was  found  to  be  exceedingly  difficult  to  remove  weights  from  the 
8cale-pan  without  risk  of  causing  a  material  amount  of  vibration. 
The  arrangement  which  was  finally  employed,  and  which  proved 
to  be  fisurly  satisfactory,  was  as  follows : — ^A  5-grainme  weight  was 
attached  by  a  thread  to  one  end  of  a  horizontal  lever  and  placed  in 
the  scale-pan,  the  lever  being  so  fixed  that  when  the  other  end  of 
it  was  depressed  the  weight  was  raised  about  a  centimetre  above 
the  pan :  it  could  thus  be  taken  out  and  replaced  without  causing 
any  appreciable  oscillation. 

A  weight  of  1  gramme  being  in  the  scale-pan,  the  resistance 
of  the  contact  was  measured  with  the  Wheatstone's  bridge  and  one 
Leclanch^  cell ;  the  5-gramme  weight  was  then  lowered  into  the 


Ohms. 
70 


60 


60 


40 


SO 


Eia.4. 


SOgnnn 
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pan,  and  a  measurement  made  of  the  diminished  resistance.  The 
5-gramme  weight  was  again  gently  raised,  and  the  resistance  with 
a  single  gramme  once  more  measured.  In  every  case  it  was  foimd 
to  have  returned  almost  exactly  to  its  original  value*  Table  VI. 
gives  six  series  of  measurements  thus  made. 

TABLE  V. 

BsHgtcmee  of  carbon  eoniaets  with  differ&ni  eu/rrents,  thepreiswre  remaining  eontiani 

at  1  grwnwne. 


Oarrent. 

Basistanoe. 

CnTTeni. 

BeBifltance. 

Ampbre. 
•01 

1 

Ohms. 

n-4> 

Amptee. 

Ohms. 
8-6 

•02 

10*8 

•08 

8-2 

•03 

10*4 

•09 

7-9 

•04 

9-8 

•1 

7-6 

•05 

9-6 

•15 

5*6 

•06 

8-9 

•2 

45 

The  experiment  was  repeated  with  a  resistance  of  300'  ohms 
between  the  battery  and  the  bridge,  that  the  current  might  be 
smaller.      The    results  are  contained  in  Table   VII.,   and  are 
OhmflL 


20 


10 


i 


•1 

Pio.  6. 


'2  ampere. 


substantially  the  same  as  before.  It  will  be  noticed,  however, 
that  the  final  resistance  is  almost  invariably  slightly  higher  than 
the  original  resistance,  but  this  increased  resistance  gradually 
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diminished,  as  may  be  seen  by  comparing  the  last  figure  of  one 
line  with  the  first  of  the  next,  and  perhaps,  if  time  were  given,  it 
would  return  to  its  original  value.  There  is  little  doubt  that  this 
is  a  thermo-electric  effect. 

Since,  as  is  well  known,  the  resistance  of  a  continuous  conduc- 
tor of  carbon  is  diminished  by  heat,  it  might  perhaps  be  supposed 

TABLE  VI. 

Showing  effeet  tipon  re8iitcmc§  qf  inereaaing  and  aga4n  reducing  jgremwr: 

One  Leclanch^.    Proportional  coils  10  and  1,000  ohms. 


Pressure. 

Beslstanoe. 

Grammes. 
•6 

Ohms. 
19 

Ohms. 
20 

Ohms. 
20 

Ohms. 
19-6 

Ohms. 
19-3 

Ohms.  ' 
19-2 

a 

15 

16 

14 

18*9 

18-7 

18-6 

•6 

20 

20 

20 

19-9 

19^6 

20 

that  the  diminution  which  the  resistance  of  carbon  contacts 
exhibits  imder  the  influence  of  increased  currents  is  due  simply 
to  the  heating  effect  of  the  current.  Experiments  made  with 
the  view  of  testing  this  hypothesis  £Edled  however  to  support  it. 
The  carbon  balance,  with  a  weight  of  2  grammes  in  the  scale-pan, 
was  placed  in  an  air-bath,  the  bulb  of  a  thermometer  being  very 

TABLE  Vn. 

Some  arrangement  (u  «n  TohU  VI^  with  a  resUUMce  ef  800  ohm»  behoeen 

battery  omi  bridge. 


Fressnre. 

ResisUmoe. 

Grtmmes. 
•5 

Ohms. 
30-1 

Ohms. 
81-5 

Ohms. 
81*6 

Ohms. 
84-4 

Ohms. 
85*4 

Ohms. 
841 

8 

24*8 

26*2 

19 

19*6 

19-8 

18-8 

•6 

82*9 

88-2 

84-4 

86-4 

851 

86-4 

near  the  points  of  contact;  the  temperature  was  slowly  raised, 
and  the  resistance  was  firom  time  to  time  measured  in  the  ordinary 
way.  At  16®  (the  temperature  of  the  room)  the  resistance  was  9 
ohms.  As  the  temperature  rose  the  resistance  varied  irregularly, 
creasing,  however,  on  the  whole,  and  never  becoming  less  than 
ras  at  first,  until  at  50®  it  had  become  10*7  ohms. 
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The  experiment  was  repeated  with  a  weight  of  10  grammes  in 
the  scale-pan.  The  resistance  at  17^  was  4*7  ohms.  As  in  the 
former  case,  the  resistance  rose  and  fell  irregularly  as  the  tem- 
perature increased  until  31®,  when  it  was  4*7  ohms — exactly  the 
same  as  at  first.  From  this  point  it  increased  with  great  steadi- 
ness and  regularity  to  5*7  ohms  at  a  temperature  of  50®. 

It  seemed  possible  that  the  irregularities  in  the  results  might 
be  due  to  expansions  and  contractions  of  the  steel  beam  of  the 
balance,  owing  to  which  the  upper  carbon  would  be  caused  to 
slide  over  the  lower,  and  thus  form  firesh  points  of  contact  of 
different  resistances.  Another  arrangement  was  therefore  made^ 
which  is  shown  in  Fig.  6.  Across  a  fixed  carbon  rod,  6  mm.  in 
diameter,  was  suspended  a  smaller  piece,  having  attached  to  it  a 
wire  of  the  shape  shown  in  the  figure,  which  dipped  into  a. 


Pio.  6. 

mercury  cup.    The  total  weight  of  the  upper  carbon  and  the  wire 
was  made  equal  to  1  granmie. 

The  resistance  of  this  combination  at  a  temperature  of  15^  was 
11*9  ohms.  When  the  bath  was  heated,  the  resistance  at  first 
began  to  fall  steadily,  becoming  11*4  ohms  at  20®,  but  firom  thi? 
point  it  again  rose,  and  with  some  irregularities  continued  to  rise 
until  a  maximum  of  15*6  ohms  was  reached  at  a  temperature 
of  36®.  The  bath  was  then  left  to  cool.  As  the  thermometer 
fell,  the  resistance  at  first  rose  for  a  short  time,  being  16  ohms^ 
at  34®.  Then  it  fell  with  great  steadiness  and  regularity  to» 
14*2  ohms  at  24®,  when  the  observations  were  discontinued. 
Other  similar  experiments  were  made,  with  equally  inconclusive 
results.  So  far  as  they  are  worth  anything,  they  tend  to  show 
that  the  resistance  of  a  carbon  contact  is  increased,  instead  of 
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being  diminished,  by  heat.*  This  may  possibly  be  due  to  the 
formation  of  a  non-conducting  fikn  by  air  or  gases  which  the  heat 
expels  from  the  carbon,  the  eflfect  of  which  might,  however,  be 
diminished  or  altogether  destroyed  at  higher  temperatures. 

Under  certain  circumstances  the  current  appears  to  produce  a 
permanent  and  not  merely  temporary  effect  upon  the  resistance} 
that  is  to  say,  the  resistance  of  the  contacts  is  found  to  be  lower 
{or  higher)  after  the  current  has  ceased  than  it  was  at  first.  Th^ 
following  are  a  few  typical  cases : — 

A  weight  of  one  gramme  being  in  the  scale-pan,  the  resistance 
of  the  contacts  with  a  small  current  (one  or  two  milU-ampdres) 
was.  10*5  ohms.  A  current  of  *15  amperes  (measured  by  a  tan- 
gent galvanometer)  was  then  passed  through  the  carbons  for  ten 
seconds.  On  afterwards  testing  with  the  small  current,  the 
resistance  was  foxmd  to  have  &llen  to  5*8  ohms.  The  carbons 
were  then  separated  by  gently  raising  the  scale-pan  for  a  few 
moments,  and  carefully  replaced  In  the  same  position  as  before. 
The  resistance  was  now  10*6  ohms,  or  almost  exactly  the  s^une  as 
at  first.  With  5  grammes  in  the  scale-pan,  the  same  current 
reduced  the  resistance  from  6*6  to  4*3  ohms.  With  10  grammes 
the  resistance  was  permanently  reduced  from  4-7  to  3*4  ohms, 
and  with  50  grammes  from  2*4  ohms  to  2  ohms.  All  these  effects 
were  produced  by  a  current  of  '15  ampdre.  Stronger  currents 
{up  to  a  certain  point)  effect  greater  reductions. 

But  when  the  proportion  of  the  current  strength  to  the 
pressure  at  the  points  of  contact  exceeds  a  certain  limit,  the  effect 
of  the  current  is  {q)parently  to  produce  a  permanent  inoreaae  in 
the  resistance,  and  this  increase  is  sometimes  very  considerable; 
Thus,  for  example,  with  a  weight  of  5  grammes  the  resistance  was 
6  ohms ;  after  a  current  of  *6  ampere  (four  times  as  strong  as  in 
the  preceding  experiments)  had  been  passed  through  the  carbons 
for  ten  seconds,  the  resistance,  measured  with  a  small  current, 
appeared  to  be  about  200  ohms,  falling  in  three  minutes  to  35*9 

•  I  take  it  as  being  beyond  dispute  that  the  resistance  of  a  oonUmum* 
''.rbon  conductor  is  diminished  by  heat.    A  Swan  lamp  being  placed  in  the 
bath,  the  resistance  of  the  carbon  filament  steadily  fell  from  809  ohms  at 
o  76*6  ohms  at  100**,  following  the  received  law. 
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ohms.  These  latter  measurements,  however,  afterwards  turned 
out  to  be  partly  illusory ;  for  a  tangent  galvanometer,  placed  in 
circuit  with  the  carbon,  shows  that  the  effect  of  a  current  beyond 
a  certain  strength  is  really  to  render  the  resistance  infinite,  or  at 
least  very  great.  The  resistance  does  not  rise  gradually,  but 
suddenly,  generally  after  the  circuit  has  been  closed  for  from  two 
to  ten  seconds,  and  at  the  moment  of  the  rise  a  minute  flash  of 
light  appears  at  the- points  of  contact.  The  galvanometer  needle 
suddenly  goes  to  zero,  and  when  this  has  occurred  no  deflection 
whatever  is  produced  on  opening  and  closing  the  circuit  with  a 
key.     A  slight  vibrati^m,  however,  partly  or  wholly  restores  the 


Key  1. 


Key  2. 


Fio.  7. 


conductivity  of  the  carbon,  and,  curiously  enough,  the  same  effect 
is  often  produced  by  the  feeble  current  used  to  measure  the 
resistance.  Thus  it  may  hf^pen  that,  while  the  moment  before 
measurement  the  resistance  may  be  infinity,  the  very  act  of 
measurement  reduces  it  to  a  few  hundred  ohms. 

This  curious  effect  is  best  shown  by  the  special  arrangement 
indicated  in  Fig.  7.  Q-  is  the  tangent  galvanometer,  S  the  carbon 
balance,  in  the  scale-pan  of  which  is  a  weight  of  one  gramme. 
When  key  1  is  depressed,  the  current  from  8  Leclanch^  cells 
passes  through  the  galvanometer  and  the  carbons.  The  imme- 
diate effect  is  a  deflection  of  (in  the  case  of  the  galvanometer 
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used)  about  75^.  Almost  instantly,  however,  the  needle  returns 
to  zero,  and  key  1  may  now  be  raised  and  depressed  without 
producing  the  slightest  movement  of  the  needle.  If,  however,, 
key  2  is  depressed,  it  frequently  happens  that  the  current  from  the 
single  cell  will  pass  through  the  galvanometer  and  the  carbons, 
producing  a  small  deflection  of  from  2^  to  10^.  But  if  key  1  i» 
once  more  depressed,  the  needle  again  altogether  £eu1s  to  move.* 
The  resistance  at  S  is  therefore  of  a  very  peculiar  nature,  being 
more  easily  overcome  by  a  small  electro-motive  force  than  by  a 
high  one.t  Though  I  have  successfully  performed  this  experiment 
some  scores  of  times,  it  occasionally  happens  that  the  single  cell  is 
as  powerless  to  overcome  the  resistance  as  the  larger  battery. 

The  group  of  phenomena  last  described  were  now  investigated 
systematically.     In  the  first  place  the  arrangement  shown  in 
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Fig.  8  was  used,  the  carbon  balance,  a  tangent  galvanometer,  and 
a  box  of  resistance  coils  being  arranged  in  simple  circuit  with  a 
battery  of  10  Leclanche  cells.  Various  weights  were  put  in  the 
scale-pan,  and  resistance  was  gradually  taken  out  of  B  until  the 
sudden  rise  in  the  resistance  of  the  carbon  contacts  occurred,  the 
galvanometer  reading  immediately  before  it  went  to  zero  being 
noted.  The  results  are  given  in  Table  VIII.,  the  pressure  at  the 
point  of  contact  ranging  from  *05  gramme,  when  the  sudden  rise 
occurred  with  '02  ampdre,  to  5  grammes,  when  the  rise  occurred 
with  '63  ampere.  / 


*  In  order  to  aroid  the  effect  of  possible  Tibration,  the  kejs  should  not  bo 
on  the  same  table  as  the  carbon  balance. 

t  By  means  of  a  reflecting  galvanometer  this  experiment  was  saccessfollj 
m  at  the  meeting. 
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It  will  be  remembered  that  before  the  sudden  rise  an  increas- 
ing strength  of  current  effects  a  permanent  reduction  in  the 
resistance  of  the  carbon.    For  examining  this  effect  the  apparatus 

TABLE  Vin. 

Showing  for  varioui  pre$9%ur€i  the  tmaXleMt  ewrrmt  which  produced  a  euddon  grooM 

riio  in  the  roiistaneo  of  the  carbon  eontaets. 


PraofTire. 

Smftllett  current 

with  wliioh  rlM 

of  retistanoe 

occurred. 

Preanire. 

Bmalleit  onrrent 

with  wliioh  rise 

of  reeistanoe 

oconrred. 

Gismmes. 
•06 

•1 

•16 

•2 

•8 

•4 

•6 

Ampirei 
•02 

•06 

•10 

•19 

•17 

•29 

•87 

1 

1-6 
2 
8 

4 
6 

Axnp^re* 

•48 
•47 
•67 
•61 
•68 

was  arranged  as  shown  in  Fig.  9.  It  is  essentially  a  Wheatstone's 
bridge  arrangement,  the  proportional  coils  used  being  1  and  1,000 
ohms.  A  tangent  galvanometer  of  '9  ohms  resistance  is  inserted 
in  the  same  arm  as  the  carbon  balance,  and  a  box  of  resistance 


Fio.  9. 

coils,  R,  is  placed  between  the  battery  (which  consists  of  8  or  10 
Leclanch^  cells)  and  the  bridge.  The  arrangement  admits  of  the 
measurement  of  the  resistance  of  the  carbon  when  traversed  by 
strong  currents,  the  strength  of  which  can  be  regulated  by  the 
VOL.  xn.  14 
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resistance  box,  B,  and  measured  by  the  tangent  galTanometer,  G-. 
A  given  weight  being  in  the  scale^pan,  known  currents  of  gradu- 
ally increasing  strength  were  passed  through  the  carbon.  The 
resistance  was  measured,  1st,  while  the  known  current  was 
passing ;  2nd,  with  a  very  small  current,  obtained  by  unplugging 
10,000  ohms  in  the  resistance  box.  As  the  currents  increased  in 
strength,  the  resistance,  measured  with  the  very  small  current, 
gradually  diminished  until  a  point  was  reached — and  the  lighter 
the  weight  the  sooner  this  was  the  case — at  which  the  resistance 
suddenly  became  very  great;  The  measurements  are  given  in 
Table  IX.,  the  currents  varying  from  '01  to  •?  amperci  and  the 
pressures  from  '05  gramme  to  5  grammes. 

TABLE  IX. 

Bhowing  for  different  .pr0uwre$  the  iffect  rf  inorea$§d  ewrreni  in  firtt  permanenOy 
red^iioing  ^le  reeiikmce  of  the  carbon  eontads,  and  irfUr  a  eerUtin  foM  (depending 
vpon  ihepresewre)  greaff^  inoreaeing  it. 

B^  >-  Besistance  in  ohms  with  cnrrent  in  first  colonin  of  table. 
B,  a-  Besistance  with  very  weak  current^  obtained  by  inserting  1(^000 
ohms  in  the  circuit. 


Oonent. 

Pietfore 
*06  gramme. 

Preasue 

PnMDT6 

S*6gTmmme0. 

Vttmoxo 

Bi 

B, 

B. 

B. 

B. 

B, 

Bt 

B, 

Amperes. 
.01 

8S 

62 

10-2 

10-8 

4-8 

4-8 

2*60 

2-6 

.05 

21 

8S 

9-7 

10-1 

4-6 

4*-7 

2*54 

2^ 

•1 

Inf. 

8-1 

9-8 

4-4 

4-7 

2-87 

2-5 

•2 

6-3 

8-4 

4 

4-6 

2-28 

2-4 

•8 

Inf. 

8-7 

4-8 

211 

2-8 

•4 

3-6 

4-2 

2-01 

2*8 

•6 

Inf. 

1-96 

2-2 

•6 

1-90 

2-2 

•7 

Inf. 

Kon. — The  resistance  marked  <*  Inf."  was  so  great  that  the  needle  of  the 
tangent  galvanometer  was  not  deflected  from  zero. 

The  experiments  made  with  metals  were  less  numeroos  than 
those  with  carbon.  MetalHc  loose  ^x)ntactB  ;were  found  to  be  even 
more  uncertain  and  capricioufi  in  their  action^  and  to^^obtain 
a  really  bir  average  .of  results  a  very  g^reat  nm^ber  of  mpasure- 
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ments  would  be  required.  Under  precisely  the  same  conditions, 
as  nearly  as  they  oould  be  reproduced,  the  results  obtained  werfe 
firequently  very*  different.  Nevertheless,  it  has  been  possible  t6 
bring  out  with  sufficient  distinctness  some  remarkable  peculiariti^ 
in  the  behaviour  of  metallic  contacts. 

The  metal  prindpally  used  was  bismuth,  which  was  selected 
on  aocoxmt  of  its  high  specific  resistance,  but  a  few  experimeults 
were  tlIso  made  with  copper  and  platinum.  The  c^yliiiders  of 
bismuth  and  copper,  were  of  nearly  the  same  diameter  a^  those  of 
the  carbon  previously  u8ed--6  mm.  The  piatinum  was  prepared 
by  soldwing  wires  of  that  metal  upon  cylinders  of  brabs.  'Thfe 
balance  already  described  and  shown  at  Fig.  1  was  used  in  the 
same  manner  as  before. 

The  first  unexpected  phenomenon  which  attracted  notice  in 
working  with  bismuth  was  the  very  great  permanent  fall  in  the 
resistance  which  was  produced  by  an  ordinary  current  with  light 
pressures.  Using  a  single  Leclanch6  cell,  the  lightest  contact — 
the  pressure  being  certainly  less  than  *01  gramme— failed  to  give 
a  higher  resistance  than  9  ohms ;  but  with  400  ohms  inserted 
between  the  battery  and  the  Wheatstone's  bridge,  a  pressure  of 
*35  grammes  gave  a  resistance  which  on  different  occasions  varied 
between  73  and  110  ohms.  When  once,  however,  the  resistance 
has  been  reduced  by  a  strong  current,  the  changes  which  occur 
when  feebler  currents  are  used  are  comparatively  small,  unless, 
of  course,  the  points  of  contact  are  first  separated.  Of  the  nature 
of  such  changes  I  shall  say  more  presently.  In  Table  X.  are 
given  a  few  measurements^  using  one  Lechanch^  cell^l)  irith:ii 
•xeai9tance  of  300  ohma  beiween  the  oell  and  the  bridge ;  (2)  wiilP- 
6ut  the  300  bhms.  It  will  be  uildeivtood  that  the  bismutl^ 
cylinders  were  separated  irom  each  bther  every  time  the  *vrd^fs 
were  changed* 

The  effect  in  question  is  most  marked  with  email  pressures  \ 
mth  comparatively  idgh  pressures  it  quite  disat^ean: 

This  phqnomeiion  is  accompanied  by  another^  After  Vkt 
fAssage  of i  the  cuirent  which  has  caused  the  resistitnce  to  b6  '§o 
remarkably  dimisdsbed,  the  bismuth  cylinders  are  fetmd  to  adhere 
to  each  other,  a  quite  appreciable  force  being  necessary  tobepati^ii 
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them*  This  effect,  which  is  common  to  all  metals,  has  been 
thoroughly  investigated  by  Mr.  Stroh,  a  description  of  whose 
experiments  is  given  in  the  ^^  Journal  of  the  Society  of  Telegraph 
Engineers,"  Vol.  IX.,  page  182.  I  shall  therefore  say  nothing 
more  about  it,  except  that  I  have  succeeded  in  causing  two  pieces 
of  very  thin  platinum  wire  to  stick  to  each  other  with  a  current 
of  about  a  milli-ampdre.  Mr.  Stroh  attributes  the  effect  to  fusion. 
A  third  apparent  anomaly  is  the  following : — ^A  amaU  weight 
being  in  the  scale-pan,  let  a  weak  current  be  caused  to  pass 
through  the  points  of  contact :  the  resistance  will  be  found  to  be 
high.    Let  a  strong  current  be  passed,  and  the  resistance  will  be 

TABLE  X. 

Bridge  meaiwremmUM  cf  ths  retUkmee  <^h%imuih  eonUuU  under 

differ&fd  preauree,  . 


Pl6iB1U6. 

BaBiatoBMof 
biamuth  oonlaot 

with  800  ohms 

between  battery 

and  bridge. 

Besistanoe  whan 

the  300  ohmi  are 

removed. 

Offumnog, 

Ohmi. 

Ohms. 

•6 

60 

1-9 

2-5 

87-2 

1-4 

5 

6-4 

1-7 

7.6 

77 

•2 

10 

•8 

•8 

15 

•6 

•5 

25 

•14 

... 

greatly  diminished.  Once  more  let  the  current  be  reduced  to  its 
original  strength :  the  resistance  will  not  rise  to  its  original  value ; 
it  will  not,  in  &ct,  rise  at  all ;  it  will  be  still  further  diminished. 
Table  XI.  gives  examples  of  this  experiment  with  pressures  of 
*5, 1,  and  5  grammes.  In  the  last  case  there  is  no  change  after 
the  first  fall  of  resistance* 

Table  XII.  further  illustrates  the  effect  with  greater  variations 
of  current  and  of  weight,  but  in  the  experiments  to  which  it 
relates  the  strongest  current  was  used  at  first.  As  before,  the 
bismuth  cylinders  were  separated  only  when  the  weights  were 
changed. 
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In  order  that  this  experiment  may  be  successful,  it  is  neces- 
sary that  the  surfBices  in  contact  should  be  absolutely  clean. 

TABLE  XL 

Showimg  v(wiaiioni  produced  in  the  reiUtaine$  <tf  hiinmlh  eontaeU  Jfy  uHng  tmoU  and 

large  ewrrenU  dliemately. 


Onnent. 

Rddsiftnoe  of  binnntli  eonteot  with  piemun  of 

SgnunmM. 

'    Amptees. 
•01 

•5 

•01 

•6 

•01 

Ohnu. 
8 

1-27 

1-22 

127 

122 

Ohms. 
212 

127 

121 

1-26 

1-21 

Ohms. 
1-60 

1-22 

122 

122 

•    1-22 

Unless  they  are  scraped  immediately  before  the  measurements 

are  made,  the  opposite  effect  may  result — ^that  is  (after  the  first 

great  &11  of  resistance),  diminished  current  may  produce  increased 

resistance. 

TABLE  xn. 

BUfed  ef  varying  ewrreitd  upon  like  reeiticmce  offreehly  eeraped  hiemuih  eontaeit. 


Onxmit. 

Besistence  of  contact  in  ohms  with  proMare  of 

•SSgnn. 

'Sftgrm. 

•Sgrm. 

1  gnn. 

Igtme, 

Amp^ras* 
•6 

1-52 

1-89 

1-56 

1-88 

1-85 

•8 

1-40 

1-85 

1-49 

1-80 

188 

•1 

1-87 

1-88 

1-45 

1-28 

1-33 

•05 

1-85 

1-88 

1-44 

1-28 

1-82 

•01 

118 

1*82 

1-41 

1-28 

1-82 

•06 

1-55 

1-83 

1-46 

1-29 

1-82 

•1 

1-72 

1-84 

1-47 

1-29 

1-88 

•8 

1-79 

1-89 

1-55 

1-81 

1-84 

•6 

1*49 

1-48 

1-61 

1-83 

1 

1-86 

BiKABK. — ^With  clean  bismath,  decrease  of  current  strength  is  accompanied 

by  decrease  of  resistance. 

Table  XIII.  gives  the  measurements,  with  the  same  currents 
as  before,  when  the  bismuth  was  first  rubbed  with  the  finger, 
instead  of  being  scraped  as  had  been  done  in  the  previous 
experiments. 
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I  think  these  effects  admit  of  a  siixqde  explanation.  When 
the  surfaces  of  the  bismuth  are  QLean,  contact  takes  place  entirely 
through  the  metal.  The  current  heats  the  metal  at  the  points  of 
contact  to  an  extent  which  depends  partly  upon  the  current 
strength ;  and  the  resistance,  in  accordance  with  the  general  law, 
increases  with  the  temperature ;  strong  currents  will  therefore 
give  higher  resistance  than  weak  ones.  When,  on  the  other 
hand,  the  surface  is  not  clean,  a  film  of  oxide  or  some  foreign 
substance  is  interposed,  the  resistance  of  which,  like  that  of 
carbon,  is  higher  with  a  weak  current  than  with  a  strong  one. 

TABLE  Xni. 
Bffed  pf  vcur^ng  owrrevA  vpon  fhe  r$iigtanee  of  hitmuih  txtntaets  when  the  mettd  hag 

been  rubbed  with  the  finger. 


Onneai. 

BetiiUDM  of  contact  with  prcmire  of 

•SSgnunme. 

•SgtuBina. 

IgxBmine. 

Amperes, 
•6 

•8 

•1 

•05 

•01 

•05 

•1 

•8 

•5 

Ohmi. 
1-80 

1-75 

1-92 

1-88 

1-95 

1-89 

1-87 

1-77 

1-46 

GhmM. 
1-80 

1-46 

189 

1-92 

2-29 

207 

1-98 

1-72 

1-46 

Ohms. 
1-22 

1-28 

1-29 

1-29 

1*28 

1-28 

1-28 

1-27 

1-27 

BncABK. — ^Wben  the  metal  is  not  jterfeeUy  dean,  decrease  of  current  strength. 

is  accompanied  by  inereate  of  resistance. 

It  is  probable  that  similar  effects  occur  with  metals  of  lower 
specific  resistance  than  that  of  bismuth ;  but  their  observation  is 
very  difficult,  and  requires  more  delicate  apparatus  than  that  at 
my][disposal.  Thus,  of  40  measurements  made  with  platinum 
contacts,  19  results  were  &vourable  to  the  theory,  10  adverse  to 
it,  and  11  neutral.  With  copper  the  indications  were  even  more 
xmcertain. 

The  resistance  of  bismuth  contacts  at  various  pressures  was 
then  measured  with  fixed  currents  of  •!,  -01,  and  -001  amp^the 
method  used  being  the  same  as  in  the  case  of  carbon.    The  mean 


1888.] 


ON  mCEOPHONIC  CONTACTS. 


l» 


of  several  series  of  such  measnreineiits  is  given  in  Table  XIV., 
which  reveals  the  existence  of  a  more  or  less  definite  law,  thongh 
the  resrdts  of  the  experiments  did  not  agree  very  closely  among 
themselves. 

Repeating  with  Idsmnth  the  experiments  abready  described  in 
the  case  of  carbon,  it  was  dear  that  the  diminution  of  resistance 
eflfected  by  pressure  is  generally  of  a  permanent  nature,  continuing 

TABLE  XrV. 


Fmmiim* 

Besisfcanoe  of  oontaeta  witli 

•1  amptee. 

•01  amp^. 

•001  amp^M. 

Oramxnea. 
•05 

Ohmfl. 
5 

Ohms. 
20-82 

Ohma. 
182 

•1 

2 

16-92 

148-8 

•15 

2-5 

14-60 

97-8 

•2 

8-9 

12-60 

46 

•25 

2-6 

10-05 

41-6 

•8 

2-4 

6-85 

16-9 

•85 

21 

412 

21-6 

•4 

1-9 

2-87 

80-6 

•45 

1-5 

1-60 

18-8 

•5 

1-45 

1-47 

8-8 

1 

•96 

1-35 

* 
••• 

1-6 

•85 

•70 

••• 

2 

•90 

•62 

••• 

26 

•70 

•80 

••• 

8 

•50 

•15 

•.• 

8-5 

•56 

•07 

••• 

4 

•85 

•05 

••• 

4-5 

•25 

••• 

••• 

6 

•15 

••• 

••• 

to  a  great  extent  after  the  pressure  has  been  removed  (so  long  as 
the  points  of  contact  remain  undisturbed),  and  thus  reversing  the 
case  of  carbon.  With  strong  currents  the  variations  of  resistance 
were  so  uncertain  and  irregular  that  accurate  measurements  were 
impossible ;  but  with  a  resistance  of  300  ohms  between  the  batteiy^ 
and  the  bridge  the  etkct  is  very  deiyrly  marked.  The  results  of 
the  experiments  thus  made  are  contained  m  Table  XV. 
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The  points  of  contact  were  of  course  changed  for  each  series  of 
observations,  and  it  should  be  noted  that  in  the  case  of  the  last 
three  (which  were  not  made  on  the  same  day  as  the  others)  I  was 
less  successful  m  arranging  the  lever  so  as  to  secure  perfect 
freedom  from  oscillation  when  the  weight  was  changed. 

At  the  meeting  of  this  Society,  held  on  March  Sth,  Mr.  Stroll 
gave  an  account  of  a  method  which  he  had  devised  for  observing^ 
the  movements  performed  by  the  horizontal  carbon  rod  of  an 
ordinary  microphone  when  the  instrument  is  in  action*  He 
attached  a  small  mirror  to  the  carbon,  from  which  a  beam  of  light 
was  reflected  to  a  wall,  the  distance  of  which  was  such  that  the 
movement  of  the  spot  of  light  was  2,000  times  greater  than  that 

TABLE  XV. 

Showing  great  permanent  effect  qfpreeewre  upon  the  reeistanee  of 

hismidh  contcuie. 


Pnwnre. 

BMistanoe  of  bismuth  oontaots. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

•6 

10-9 

87-5 

16-8 

14-5 

25-6 

62 

8 

1-3 

1-7 

•6 

1 

11 

1-8 

•6 

1*6 

1-7 

•6 

4-5 

6-5 

15 

NoTs. — In  the  last  three  cases  the  apparatus  for  removing  the  additional 
weight  worked  badly,  and  caused  a  slight  vibration  of  the  scale-pan. 

of  the  carbon  at  the  point  of  contact,  and  it  was  found  that  if  & 
current  from  three  bichromate  cells  was  passed  through  the 
microphone,  when  it  was  so  adjusted  as  to  be  in  the  best  working 
condition,  the  spot  of  light  remained  steadily  deflected  downwards, 
moving  through  a  space  of  one  millimetre,  and  returning  to  its 
former  position  when  the  current  was  interrupted.  This,  Mr. 
Stroh  says,  m  an  article  which  he  has  since  published,*  ^^  seems 
to  indicate  that  during  the  time  when  the  carbons  are  really  in 
what  is  called  microphonic  contact  they  are  not  in  contact  at  all, 
or,  at  all  events,  there  is  a  repellent  action  at  the  point  of  contact.*^ 
It  occurred  to  me  that  additional  light  might  be  thrown  upon 
some  of  the  phenomena  which  I  have  investigated  by  the  applica- 
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tion  of  Mr.  Stroh's  method,  and  I  began  by  repeating  the  experi- 
ment ahnost  exactly  as  he  describes  it.  I  at  first  fomid,  as  he 
did,  that  the  effect  only  occurred  when  the  microphone  was  so 
adjusted  that  the  ticking  of  a  watch  laid  upon  the  base  could  be 
distinctly  heard  in  a  telephone  which  was  in  the  circuit.  But 
with  the  high  electro-motive  force  of  three  bichromate  cells  it  was 
exceedingly  difficult  to  get  the  microphone  into  good  working 
condition,  or  to  keep  it  so  for  any  length  of  time.  A  tangent 
galvanometer  was  then  inserted  in  the  circuit,  and  it  at  once 
became  evident  that  when  the  condition  of  the  microphone  was  at 
its  best  the  current  was  strongest.  It  appeared  probable,  there- 
fore, that  the  magnitude  of  the  apparent  repulsive  effect  depended 
merely  upon  the  strength  of  the  current  which  was  passing  at  the 
moment,  and  that  the  excellence  of  the  microphonic  effect  had 
in  itself  nothing  to  do  with  the  matter.  The  upper  carbon  waa 
therefore  pressed  down  with  a  weight  too  heavy  to  admit  of  the 
ticking  of  the  watch  being  heard,  and  a  steady  current  was  thus 
secured  without  any  difficulty.  It  was  now  found  that  the  repul- 
sive effect  was  almost,  if  not  quite,  as  great  as  it  was  when  the 
carbons  were  in  loose  contact,  and  little  doubt  was  left  that  the 
phenomenon  was  merely  a  case  of  expansion  due  to  the  heating 
effect  of  the  current.  Cylinders  of  bismuth  were  then  substituted 
for  the  carbon  rods,  and  a  similar  effect  was  produced,  the  move- 
ment of  the  spot  of  light  being  somewhat  greater  than  it  was 
with  carbon.  With  copper  the  apparent  repulsion  was  rather  less 
than  with  carbon,  but  perfectly  well  marked.  Lead  was  then 
tried,  being  chosen  on  account  of  its  high  coefficient  of  expansion 
and  its  inferior  conductivity  for  heat,  and,  as  was  expected,  the 
deflection  of  the  spot  of  light  was  very  considerable. 

One  or  two  other  curious  results  are  worth  noting.  In  the 
case  of  metal  contacts,  when  the  pressure  was  slight,  the  first 
effect  of  a  small  current  was  to  produce  closer  contact ;  as  the 
strength  of  the  current  was  gradually  increased,  the  contact 
became  more  and  more  close ;  when  the  circuit  was  broken,  the 
Stroh  effect  occurred,  and  the  contact  became  apparently  still 
closer.  This  observation  is  evidently  connected  with  the  fact 
already  discussed,  that  a  current  through  loose  metallic  contacts 
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causes  a  permanent  decrease  in  their  resistance.  The  same  thing 
occurs  when  carbon  contacts  are  used,  but  it  is  well  marked  only 
when  the  contact  is  exceedingly  light,  and  is,  I  believe,  due  to 
the  combustion  of  the  minute  projecting  particles  upon  which  the 
carbon  rod  rests.  Finally,  an  attempt  was  made  to  exaggerate 
the  effect  by  multiplying  the  number  of  carbon  contacts.  Twelve 
small  pieces  of  carbon  shaped  like  a  whip-top  were  arranged  in  an 
upright  tube  of  ebonite,  which  they  loosely  fitted.  The  lower 
cafbon  was  fixed,  and  the  upper  one  had  a  knife-edge  upon  which 
rested  a  horizontal  carbon  rod  with  a  mirror  attached.  A  current 
through  this  arrangement  produced  a  deflection  five  or  six  times 
as  great  as  in  the  case  of  the  single  contact.  It  now  became 
possible  to  observe  that  the  whole  effect  was  not  absolutely 
instantaneous  as  it  had  previously  appeared  to  be,  a  slow  move- 
ment of  the  image  in  the  upward  or  downward  direction  con- 
tinuing for  two  or  three  seconds  after  the  circuit  had  been  opened 
or  closed.  When  a  single  long  piece  of  carbon  was  substituted 
for  the  small  pieces,  the  effect  was  similar,  but  not  so  great. 

The  little  carbon  balance  (Fig.  1)  was  joined  up  in  circuit  with 
the  apparatus  just  described,  and  it  was  observed  that  with  a 
continuous  current  the  magnitude  of  the  repulsive  effect  could  be 
varied  by  altering  the  weights  in  the  scale>pan.  This  experiment 
was  much  more  effective  when  an  Edison  carbon  telephone  was 
used  instead  of  the  balance.  Pressing  the  diaphragm  with  the 
finger  caused  the  spot  of  light  to  move  to  an  extent  depending 
upon  the  pressure. 

It  naturally  occurred  to  me  that  a  receiviTig  microphone 
might  easily  be  made  by  slightly  modifying  the  apparatus  to 
which  the  mirror  was  attached,  A  dozen  top-shaped  carbons  were 
placed  end  to  end  in  a  glass  tube :  the  bottom  one  was  sealed  in, 
and  attached  by  a  wire  to  a  binding  screw ;  the  upper  one,  which 
was  connected  by  a  wire  to  a  second  binding  screw,  was  made  to 
press  gently  upon  the  centre  of  a  mica  diaphragm,  on  the  other 
side  of  which  was  a  steel  spring  to  increase  its  elasticity.  Using 
12  Leclanch6  cells  and  an  Edison  transmitter,  it  was  found  quite 
possible  to  carry  on  a  conversation,  and  very  little  adjustment  was 
necessary.    The  instrument  of  course  operates  through  expansion 
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by  heat,  the  aetion  being  exactly  similar  to  that  of  the  platinum 
wire  in  Mr.  Preece's  thermal  telephone  receiver;  and  I  have  little 
donbt  that  the  operation  of  all  receiving  microphones  which  have 
been  constmcted  may  be  explained  in  the  same  way* 

Application  to  the  Microphone* — The  results  of  the  experi- 
ments described  in  this  paper  may  perhaps  throw  dome  light  on  a 
matt^  which  has  never  hitherto  been  fuUy  explained.  Why  does 
carbon  give  far  better  results  than  any  metal  when  used  in  the 
qaen^one  ?  It  seems  to  me  that  this  question  may  be  very 
easily  answered.  The  mere  fact  that  a  current  causes  delicately 
adjusted  metal  contacts  to  adhere  to  each  other  is  sufficient,  to 
account  for  the  superior  efficiency  of  carbon.  It  is  possible,  indeed, 
to  transmit  articulate  sounds  by  means  of  a  metal  microphooie,  as 
is  proved  by  some  of  Professor  Hughes's  earliest  experiments,  but 
the  action  of  such  an  instrument,  as  compared  with  one  of  carbon, 
is  extremely  uncertain  and  imperfect.  This  is  no  doubt  due  to  the 
£act  that,  although  vibrations  corresponding  to  the  fandamental 
tone  are  easily  produced,  the  minute  superimposed  vibrations  due 
to  the  upper  partials,  upon  which  depends  the  distinctive 
character  of  a  particular  sound,  are,  owing  to  the  adhesion,  very 
imperfectly  represented,  if  not  entirely  lost. 

At  a  recent  meeting  of  this  Society,  Mr*  Munro  exhibited  a 
metallic  microphone,  in  which,  by  the  ingenious  use  of  iron  gauze, 
the  current  is  divided  among  a  great  number  of  points,  at  each  of 
which  its  heating  effect  is  small,  and  adhesion  therefore  does  not 
occur  to  any  perceptible  extent.  But  though  this  instrument 
ii^y  ^  good  enough  for  practical  use,  Mr.  Monro  would  hardly 
contend  that  its  performance  is  equal  to  that  of  a  good  carbon 
microphone. 

In  addition  to  this  phenomenon  of  adhesion,  and  probably 
connected  with  it,  are  the  &ct8  that  metallie  contacts,  unlike 
those  of  carbon,  do  not  even  approximately  recover  th^  original 
resistance  when  once  it  has  been  reduced  by  increased  pressure  (x 
increased  current,  unless,  indeed^  complete  separation  occurs,  and 
even  the  initial  effect  of  pressure  upon  resistance  is  in  general 
much  more  marked  with  carbon  than  with  metals. 

Lastly,  there  is  the  fact  that,  in  the  case  ci  carbon,  pressure 
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and  current  act  in  consonance  with  each  other:  pressure  diminishes 
the  resistance,  and  in  so  doing  increases  the  strength  of  the 
current,  and  the  current  thus  strengthened  effects  a  further 
diminution  in  the  resistance.  In  the  case  of  metals,  on  the  other 
hand  (or  at  least  in  the  case  of  clean  bismuth),  pressure  and 
current  tend  to  produce  opposite  effects.  The  resistance  is 
diminished  by  pressure,  and  the  current  consequently  strengthened, 
but  by  reason  of  the  increased  strength  of  current  the  resistance 
is  higher  than  it  would  have  been  if  the  current  had  remained 
unchanged.  The  effect  of  this  antagonism  is  not  very  great,  but 
it  seems  to  give  a  material  advantage  to  carbon. 

In  conclusion,  I  think  that  the  results  arrived  at  in  this  paper 
may  be  made  to  furnish  data  for  designing  upon  scientific 
principles  a  carbon  pencil  microphone  which  shall  possess  the 
TnaYJmTiTn  degree  of  efficiency ;  and,  without  entering  into  details 
or  making  any  specific  calculations,  I  propose  to  indicate  briefly 
the  lines  which  should  in  my  opinion  be  followed  in  order  to 
secure  the  most  satisfactory  results.  The  following  questions 
present  themselves  for  solution : — 

(1.)  Should  the  constituent  elements  of  the  microphone  be 
few  or  many  ? 

(2.)  Should  they  be  arranged  in  series  or  in  multiple  arc,  or 
in  a  combination  of  the  two  ? 

(3.)  Should  they  be  light  or  heavy  ? 

(4.)  Should  the  pressure  at  the  points  of  contact  be  great  or 
small? 

(5.)  Should  the  resistance  of  the  system  be  high  or  low  ? 

(6.)  Should  the  current  used  be  strong  or  weak  ? 

Before  considering  the  points  here  raised,  it  may  be  well  to 
state  definitely  what  I  conceive  to  be  the  Tnodus  operandi  of  the 
microphone  as  used  for  the  transmission  of  speech. 

Fig.  10  is  intended  to  represent  a  typical  microphonic  element. 
A  horizontal  carbon  pencil  j  A  B,  is  supported  at  the  ends  upon  two 
carbon  blocks,  C,  D,  which  are  attached  firmly  to  a  sound-board, 
usually  of  thin  pine.  The  sound-board  is  acted  upon  by  air 
waves,  and  caused  to  repeat  upon  a  smaller  scale  the  movements 
of  the  air  particles  which  beat  against  it.    It  carries  the  lower 
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carbon  blocks  with  it  in  its  movements,  and  causes  them  to  press 
with  varying  force  against  the  under  side  of  the  loose  carbon 
penciL  The  varying  pressure  produces  alterations  in  the  resisit- 
ance  at  the  points  of  contact,  in  exact  correspondence  with  the 
phases  of  the  soxmd  waves,  and  the  strength  of  a  current  passing 
through  the  system  is  thus  regulated  in  such  a  manner  as  to  fit 
it  for  reproducing  the  original  soxmd  in  a  telephone.  The  loud- 
ness of  the  repeated  sound  increases  with  the  limits  between 
which  the  current  is  made  to  vary. 

Now,  if  it  is  true,  as  this  theory  supposes,  that  the  whole 
action  of  the  microphone  is  due  to  the  motion,  or  tendency  to 
move,  of  the  lower  carbon  blocks  (the  influence  of  sonorous 
vibrations  upon  the  loose  block  or  pencil  being  so  small  as  to  be 
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negligible),  it  follows  that,  if  the  variations  of  pressure  are  to  be 
considerable,  the  upper  block  must  be  capable  of  offering  resist- 
ance to  the  movements  which  the  lower  blocks  tend  to  perform. 
It  will,  of  course,  do  this  the  more  effectively,  the  greater  its 
inertia,  and  therefore  its  mass  or  weight.  In  order,  therefore,  to 
secure  the  greatest  variations  of  pre^ewrey  the  loose  carbbn  must 
clearly  be  heavy. 

But  with  the  ordinary  arrangement  a  heavy  carbon  implies 
great  pressure  at  the  points  of  contact ;  and  it  has  been  clearly 
prove4  that  the  resistance  is  &r  more  easily  varied  when  the 
average  pressure  is  small  than  when  it  is  great.  Here,  then,  we 
have  two  conflicting  requirements,  and,  if  the  usual  arrangement 
is  to  be  retained,  a  compromise  must  be  effected,  and  it  will  be 
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necessary  to  ascertain  b;  aqteriment  or  catctilation  what  rnnst  be 
the  weight  of  the  carbon  in  order  that  sonorous  vibrstioiiB  may 
produce  the  widest  variatioDB  of  current ;  remembering  that  if  it 
is  too  light  the  differences  of  prtaafwre  will  be  small,  and  if  too 
heavy  the  changes  of  pressure  will  give  bat  small  changes  of 
reaidamee.  Bat  it  would,  I  think,  be  decidedly  better  to  depart 
from  the  usual  fcffm,  the  chief  recommendation  of  which  is  its 
extreme  simplicity.  Many  methods  will  suggest  themselves  <tf 
arranging  the  materials  in  such  a  manner  that,  while  the  weight 
of  the  loose  carbons  is  great,  they  may  exert  but  slight  pressure 
against  the  fixed  earfoons.  Fig.  11  illustrates  an  example  "of  such 
an  arrangemrab.  ^e  loose  carbons  are  suspended  Vertically  upon 
a  wire  (attained  to  the  frame  of  the  instrument)  which  passes 


through  boles  in  their  npper  extremities,  their  other  euds  resting^ 
lightly  upon  a  horizontal  pend)  which  is  fixed  to  an  npright 
eoond-board.  This  may  be  moonted  in  a  swing-frsme  like  that 
of  a  looking-glass,  and  the  prestmre  of  the  carbons  adjusted  by 
varying  the  tnolination .  of  ths  frame.  Ordinary  ingenoiky  "will 
suggest  other  methods  of  acoompUshiDg  the  stOne  purpose. 

The  question  as  to  whether  it  is  preferable  to  arrange  the 
elements  in  series  or  in  multiple  arc  is  very  easily  answered.  If 
the  elements  are  in  series^  the  whole  of  tJie  oarrent  tued  will  pass 
through  each  of  them ;  while  if  they  are  in  multiple  aro  the 
current  will  be  subdivided  and  each  element  will  be  traversed  by 
a  current  the  strength  of  which  (supposing  them  all  to  be  equal)- 
will  be  inversely  proportiooal  to  the  somber  of-  elementsi    Now, 
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tbe  sensitiveness  of  the  contacts  to  changes  of  pressure  has  been 
shown  to  increase  greatly  with  small  currents,  and  hence  it 
follows  that  the  multiple  arc  is  to  be  preferred  to  the  series 
system.  The  same  reasoning,  in  a  modified  form,  will  condemn 
a  system  in  which  the  series  and  multiple  arc  arrangements  are 
combined ;  for  the  greatest  perfection,  therefore,  the  multiple  arc 
system  pure  and  simple  should  be  adopted. 

The  high  degree  of  sensitiveness  attending  the  use  of  small 
currents  points  also  to  the  advantage  of  multiplying  the  number 
of  the  elements.  I  believe  that  this  number  might  well  be  made 
much  greater  than  is  customary,  being  limited  only  by  considerar 
tions  of  space.  The  sound-board  should  not,  of  course,  be  too  large, 
or  there  will  be  a  risk  of  the  sonorous  waves  reaching  differmt 
parts  of  it  in  materially  different  phases,  especially  if  their 
direction  is  oblique  to  the  surface  of  the  board.  But  it  would  not 
be  difficult  to  arrange  50  or  60  such  suspended  elements  as  those 
shown  in  Fig.  11  within  an  area  15  centimetres  square.  I  have 
made  a  transmitter  upon  this  plan,  in  which  the  suspended 
elements,  forty-five  in  number,  consist  of  brass  tubes  filled  with 
lead,  and  having  short  pieces  of  carbon  fitted  into  their  lower  ends^. 
and  I  believe  its  performance  is  greatly  superior  to  that  of  most 
instruments  of  the  kind.* 

Since  the  efficiency  of  a  microphone  depends  principally  upon 
its  power  of  varying  the  strength  of  the  current  in  a  circuit 


*  Since  this  was  constructed  it  has  come  to  my  knowledge  that  M.  Boadet 
de  Paris  has  devised  a  somewhat  similar  transmitter,  which  is  thus  descrihed 
by  him  in  La  Lumihe'EUetrique,  28th  September,  1881: — ^''TTne  membrane  de 
caoutchouc  durci  porte  h  son  centre  un  aite  coud6  sur  lequel  sont  flx^  trans- 
yersalement  deux  tigei  cylindriques  de  ofaarbon.  Au-^essus  de  ce»  deux  tiges 
sont  suspendues  o6t^  i^  c6t^  24  tiges  de  cuiyre  (en  2  series  de  12),  termini  par 
un  petit  cylindre  de  charbon  &  Textrteiit^  duquel  est  viss^  une  masse  m^tcJ- 
lique  pesante.  L'appareil  est  renlerm^  dans  un  annean  cylindrique  dont  le 
fond  en  glace  permet  de  voir  la  disposition  des  difF^rentes  parties.  Enfin  le 
tout  est  :fix^  sur  un  pied  support^  et  TincliBAison  est  obtenue  an  moyen  d'une 
chami&re ;  pour  plus  de  precision,  le  jeu  de  cette  chami^re  est  oommandi6  par 
une  vis  k  pas  trte  fin.  On  remarquera  en  outre  que,  dans  cet  appareil,  la 
charge  des  charbons  mobiles  6tant  plac^  au-dessous  de  leur  point  de  contact, 
et  tr&s  pr68  de  lui,  11  sufflt  d'uAe  vati&tion  trto  faible  de  Tindinaison  pour  faire 
vaner  1»  peeatitetir  et  potH*  obteniir  des  pressions  ttto  diff Areotetf.'-^  '  • 
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comprismg  the  microphone,  a  battery,  and  the  primary  wire  of  an 
induction  coil,  it  is  clear  that  the  electro-motive  force  of  the 
battery  should  be  as  high  as  is  consistent  with  other  conditions, 
and  the  resistance  of  the  battery  coil  and  microphone  should  be 
low ;  for  the  proportional  change  of  resistance  caused  by  sonorous 
vibrations  remaining  the  same,  the  stronger  the  wnLTimnTn  and 
«iinimum  currents,  the  greater  will  be  the  actual  difference 
between  them.  But  for  securing  sensitiveness  it  is  very 
important  that  the  current  passing  through  the  microphone 
should  not  exceed  a  certain  strength,  and  indeed,  if  the  pressure 
is  light  (as  it  should  be),  a  strong  current  will,  as  we  have  seen, 
enormously  increase  the  resistance  of  the  contacts,  or  some  of 
them,  thus  impairing  or  utterly  destroying  the  efficiency  of  the 
instrument* 

The  subjects  of  all  the  questions  with  which  these  observations 
were  introduced  have  now  been  touched  upon,  though  no  attempt 
has  been  made  to  answer  them  very  definitely.  In  general  we 
may  say  that — 

(1.)  The  constituent  elements  of  a  microphone  should  be 
numerous. 

(2.)  They  should  be  arranged  in  ifiultiple  arc. 

(3.)  They  should  be  heavy. 

(4.)  The  pressure  at  the  points  of  contact  should  be  light. 

(5.)  The  resistance  of  the  microphonic  system  should  depend 
upon  the  resistance  of  the  rest  of  the  circuit  (which  should  be 
small)  and  upon  its  sensitiveness  to  changes  of  pressure.  In 
general  it  should  be  small. 

(6.)  Up  to  a  certain  limit,  depending  upon  the  number  of 
•contacts  and  their  pressures,  the  current  used  should  be  strong. 

It  need  hardly  be  added,  in  conclusion,  that  the  observations 
which  I  have  ventured  to  offer  do  not  profess  to  do  more  than 
indicate  the  merest  outlines  of  the  details  which  should  be  con- 
sidered in  designing  a  carbon  pencil  microphone  of  the  greatest 
possible  perfection. 

The  PREsmENT :  It  will  be  remembered  that  at  our  last  meet- 
ing the  discussion  on  Mr.  Munro's  paper  was  deferred  until  after 
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the  one  just  read  by  Mr.  Shelford  Bidwell,  as  both  appertained  to 
the  same  subject ;  but  now  a  third  paper  has  been  presented  on 
the  action  of  the  microphone,  and  therefore,  to  prevent  confusion, 
it  will  be  better  to  read  it  at  once,  so  that  the  discussion  follow- 
ing may  embrace  all  three  papers. 

The  following  paper  was  then  read : — 

/ 

NOTE   ON  THE  INFLUENCE  OF   SURFACE-CONDENSED 
GAS  UPON  THE  ACTION  OF  THE  MICROPHONE. 

By  I.  Probert  and  Alfred  W.  Soward,  Associates. 

One  of  the  theories  advanced  to  account  for  the  action  of  the 
microphone  states  that  the  layer  of  air  between  the  microphonic 
sur&ces  acts  as  an  ordinary  resistance;  that  the  effect  of  sonorous 
vibrations  is  to  cause  the  carbons  to  approach  and  to  recede  from 
one  another,  and  so  to  alter  the  thickness,  and  consequently  the 
resistance,  of  the  interposed  layer.  This  variation  of  resistance 
produces  the  variation  of  current  essential  for  the  reproduction  of 
sound. 

There  is  in  physics  a  phenomenon  known  as  heterogenous 
adhesion,  one  phase  of  which  is  the  surface  condensation  of  gases. 
A  study  of  this  phenomenon  shows  that  every  surfiEice  exposed  to 
a  gas  is  coated  with  a  condensed  layer  of  that  gas.  The  more 
readily  the  gas  is  liquefiable  by  pressure,  the  greater  is  the  quan- 
tity condensed ;  and  in  the  case  of  the  very  readily  liquefiable 
gases  the  exposed  surface  is  actually  coated  with  a  layer  of  liquid. 

Our  atmosphere,  as  is  well  known,  consists  mainly  of  nitrogen, 
oxygen,  carbon  dioidde,  and  water  vapour.  Careful  experiments 
with  charcoal  (a  substance  which,  owing  to  itfi  porous  nature, 
possesses  a  very  large  surface  relatively  to  its  mass)  show  that  the 
coefficients  of  surface  condensation  of  these  gases  (that  of  hydro- 
gen being  taken  as  unity)  are  3*5,  4, 15,  and  80  respectively. 
These  figures,  multiplied  by  the  figures  representing  the  propor- 
tions in  which  the  gases  eidst  in  the  air,  viz.,  79,  21,  *03,  and 
(say)  1*5,  give  the  proportions  in  which  the  substances  exist  in 
the  condensed  layer.  They  are^nitrogen,  276*5;  oxygen,  84; 
carbon  dioxide,  '45 ;  and  water  vapour,  120.  Of  these  four  gases, 
VOL.  xn.  15 
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th^  first  two,  ozygeu  and  nitrogen,  would  be  condensed  without 
liquefaction,  and  the  effect  of  this  condensation  would  be  to 
slightly,  reduce  the  electrical  conductivity  of  the  layer;  for  it  is 
known  that  the  conductivity  of  a  gas  is  decreased  by  condeasa- 
tion.  The  carbon  dioxide  would  probably  be  liqo^ed,  and  the 
effect  of  its  liquefaction  would-  be  (slightly,  on  account  of  the 
small  quantity  acting)  to  increase  the  conductivity;  the  water 
vapour  would  certainly  be  liquefied,  and  the  effect  of  its  lique&c- 
tion  would  be  to  very  considerably  increase  the  electrical  con- 
ductivity of  the  layer.  The  effect,  then,  of  this  phenomenon  of 
surface  condensation  is  to  coat  the  microphonic  surfaces  with  a 
layer  of  £eu:  better  electricid  conductivity  than  ordinary  air. 

.  In  order  to  test  the  influence  of  this  layer  of  condensed  air 
upon  the  fiction  of  the  micn^hone,  we  have  lately  made  some 
experiments  with  the  instrument  in  different  gases.  The.  gases 
used  were  hydrogen,  carbon  dioxide,  wet  air,  and  dry  air,  and  our 
method  of  experimentation  was  as  follows : — 

A  microphone  of  a  well-Ia^own  pattern,  consisting  of  a  glass 
tube  containing  cylindrical  carbon  blocks,  and  having  many  con- 
tact  surfaces,  was  attached  to  the  inside  of  a  clock-case,  and  placed 
in  circuit  with  a  Hughes  audiometer,  a  Morse  key,,  and  three 
lieclanch^  cells.  The  carbon  blocks  of  the  microphone  were 
pressed. well  together,  so  as  to  avoid,  as  fieur  as  possible,  alteration 
of  contact  due  to  chance  vibrations.  A  current  of  air,  dried  by 
passage  over  pumice  stone  soaked  in  strong  sulphuric  acid,  and 
then  over  pentoxide  of  phosphorus,  was  urged  through  the  micro- 
phone for  half  an  hour.  The  resistance  of  the  microj^one  was 
then  measured,  and  the  point  of  the  audiometer  scale  determined 
at  which  the  beating  of  the  clock  became  inaudible  in  the  tele- 
phones. A  current  of  similarly  dried  hydrogen  was  then  passed 
through  the  microphone  for  half  an  hour,  and  the  resistance  again 
measured,  and  the  point  of  silence  determined  in.the  audiometer. 
The  experiment  was  next  repeated  with  carbon  dioxide,  the  dried 
gas  being  passed  through  the  microphone  for  a  similar  period ; 
and,  finally,  for  fifteen  minutes  a  current  of  air  was  forced  through 
water  contained  in  a  Woulfe's  bottle  (in  order  to  load  the  air  with 
water  vapour),  and  then  through  the  microphone.    The  resistances 
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and  points  of  silence  in  the  audiometer  were  detennined  as  before* 
Our  results  are  expressed  in  the  following  table,  and  it  may  be 
noted  that  the  scale  of  the  audiometer  was  graduated  from  0^  in 
the  centre  to  100° : — 


NuMof  gms. 

BMistaaoe  of 
microphone. 

Point  on  scale  of 

audiometer  at 

which  silence  was 

reached. 

• 

TVCv  sh    •••      •••      •••      •••      ••• 

Carbon  dioxide      

Hydrogen       

xjTj  air    •••     •••     •••     •••     ••• 

Obout. 
886 

485 

600 

530 

61« 
56'> 
68*^ 
68« 

It  will  be  seen  that  the  best  result  was  obtained  with  wet  air, 
which  calculation  shows  should  give  a  good  conducting  sm&ce 
layer.  Next  in  order  is  carbon  dioxide,  which  in  the  liquid  state 
is  a  moderate  conductor.  Hydrogen  comes  next,  as  would  be  ex- 
pected, for  neither  it  nor  dry  air  is  reducible  to  the  liquid  state 
by  ordinary  surface  condensation,  and  the  best  result  is  to  be 
looked  for  from  the  less  condensable  of  the  two — ^that  is,  hydrogen. 
The  resistance  of  the  hydrogen-charged  microphone  is,  however, 
anomalous. 

In  order  to  obtain  our  layers  of  condensed  gas,  we  considered 
it  sufficient  to  pass  a  stream  of  the  desired  gas  over  the  microphone 
for  some  time,  because  it  is  known  that  when  a  piece  of  carbon 
charged  with  one  gas  is  placed  in  an  atmosphere  of  another,  the 
two  gases  di£Fase  into  one  another,  with  a  result  that  the  carbon 
remains  charged  with  a  mixture  in  the  proportions  indicated  by 
multiplying  their  percentage  volumes  by  their  respective  conden- 
sation coefficients.  In  our  experiments  the  quantity  of  gas 
passed  through  the  microphone  in  any  one  experiment  was  vastly 
greater  than  the  residual  gas  from  previous  experiments. 

We  did  not  attempt  to  rigorously  exclude  water  in  any  of  our 
experiments ;  for  it  has  been  shown  that  the  last  trace  of  water  so 
obstinately  clings  to  a  surfiace,  that  to  perfectly  dry  a  glass  tube  it 
must  be  raised  to  the  softening  point,  and  so  kept  for  some  hours 
while  a  stream  of  dry  air  is  urged  through  it. 

In  these  experiments  with  dififerent  gases  there  is  a  possible 
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source  of  error  which  must  not  be  overlooked.  We  have  elsewhere 
shown  (Chemical  NewSy  Vol.  47,  p.  157)  that  the  resistance  of  a 
piece  of  porous  carbon  is  not  a  constant  for  a  given  temperature, 
but  varies  with  the  chemical  nature  and  with  the  density  of  the 
gas  with  which  the  pores  of  the  carbon  are  filled.  It  follows  &om 
this,  that  if  a  constant  electro-motive  force  be  used,  the  current 
flowing  and  the  sounds  obtained  will  be  altered  by  any  alteration 
in  the  nature  of  the  gas  absorbed  in  the  body  of  the  microphone, 
irrespective  of  the  contact  sur&ces.  But  the  carbon  used  for  our 
microphone  had  very  little  absorptive  power,  and  its  resistance  was 
practically  constant  at  constant  temperature. 

We  think  from  these  experiments  it  is  fidr  to  infer  that  the  layer 
of  condensed  gas  with  which  every  microphone  surface  is  cevered  is 
concerned  to  some  extent  in  the  regulation  of  microphonic  action. 

As  bearing  upon  the  effect  of  a  layer  of  moisture  we  may 
notice  the  following  exx)eriment : — 

A  common  tin  canister,  joined  through  a  rheotome  to  one  pole 
of  a  4-cell  G-rove's  battery,  and  held  in  the  hand  by  an  insulating 
handle,  was  pressed  against  the  ear ;  a  wire  attached  to  the  second 
pole  of  the  battery  was  held  against  the  tongue.  Sounds  were 
heard  corresponding  to  the  working  of  the  rheotome,  and  a 
burning  sensation  was  experienced  at  the  ear,  such  as  one  might 
imagine  would  be  produced  by  innumerable  small  electric  dis- 
charges. Similar  results  were  obtained  with  a  10-cell  Darnell's 
battery  (chamber  pattern).  The  surfieu^  of  the  canister,  which, 
having  been  exposed  to  the  air,  was  coated,  as  all  similarly 
exposed  surfaces  are,  with  an  invisible  layer  of  moisture,  was  then 
well  wetted.  The  burning  sensation  became  more  marked,  but 
the  sounds  of  the  make  and  break  were  no  longer  audible.  We 
may  add  that  a  solid  brass  ball,  whether  wet  or  dry,  gave  no 
sounds  in  this  experiment. 

A  hearty  vote  of  thanks  was  unanimously  accorded  to  Messrs. 
Probert  and  Soward  for  their  joint  interesting  paper. 

The  President  :  In  opening  the  discussion  on  the  papers,  I 
may  say  that  Mr.  Bidwell  has  asked  some  very  pertinent  questions,         ^ 
and  no  doubt,  from  the  number  present,  there  are  many  gentlemen 
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here  who  will  be  able  to  answer  them  satisfiEu^torily,  and  f&vour  us 
with  their  views  on  this  interesting  subject. 

Mr.  A.  Strgh  :  Mr.  Bidwell  having  referred  in  his  paper  to 
my  experiment  showing  the  repellent  action  at  the  microphonic 
contact,  which  I  described  at  om*  last  meeting,  I  wish  to  say  a  few 
words  in  answer  to  his  remarks. 

At  first,  he  said,  in  carrying  out  a  similar  experiment  to  mine, 
he  obtained  the  same  results  as  I  did ;  but  after  a  time  he  found 
that,  when  he  placed  a  small  weight  upon  the  loose  carbon,  the 
deflection  he  obtained  was  almost  the  same  as  before,  while  the 
microphone  failed  in  recording  sound-waves.  My  answer  to  this 
is,  simply,  that  the  microphonic  condition  still  existed  when  the 
little  weight  was  placed  on  the  loose  carbon ;  and,  if  Mr.  Bidwell 
had  employed  stronger  sounds  than  the  ticking  of  a  watch,  I 
believe  the  microphone  would  have  still  acted  as  such. 

Mr.  Bidwell's  paper  deals  with  a  very  difficult  subject,  and 
the  amount  of  work  it  represents  is  considerable.  His  experiments 
are  certainly  highly  interesting,  and,  as  I  can  bear  out  some  of 
the  facts  he  obtained,  I  will  give  a  short  account  of  some  experi- 
ments I  made  since  our  last  meeting. 

The  microphone  I  used  was  again  of  the  hammer-and-anvil 
pattern.    This  form  is  most  suitable  for  exx)eriment. 

On  a  little  board.  A,  Fig.  1,  was  fixed,  by  means  of  a  brass 
holder,  a,  a  thin  carbon  rod,  6.  Against  the  end  of  the  latter 
rested  loosely  another  carbon  rod,  c,  which  was  mounted  on  a  little 
spindle,  d,  and  a  small  spiral  spring,  e,  served  to  vary  the  pressure 
at  the  contact  between  the  two  carbons  b  and  c. 

The  object  of  this  arrangement  was  that  the  points  of  contact 
might  be  brought  under  a  microscope,  and  for  that  reason  the 
carbons,  where  they  came  into  contact  with  each  other,  were  made 
as  flat  as  possible,  and  also  thin  at  the  edges,  so  that  they  might 
be  fidrly  brought  into  the  focus  of  the  microscope. 

The  little  board  A,  on  which  was  placed  a  loud-ticking  watch 
as  a  source  of  sound,  was  fixed  at  B  on  a  stand  apart  from  that  of 
the  microscope,  so  that  touching  and  adjusting  the  latter  might 
not  interfere  with  the  microphone.  A  hole  in  the  board  at  A, 
under  the  contact,  is  necessary  to  admit  light  from  below. 
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la  the  circuit  vith  the  microphone  was  a  telephone,  a  make- 
and-break  key,  and  a  small  batt«ry. 

Looking  throngh  the  microscope,  the  edgee  of  the  carbon 
contact  had  a  jagged  appearance,  as  represented  in  Fig.  2.,  and 
only  one  or  two  projecting   points  were   seen  to   touch.     The 


tension  of  the  spring  for  the  first  observation  was  such  as  I  knew 
by  experience  to  be  necessary  to  insure  microphonic  contact.  By 
depressing  the  key  a  cnrrent  was  now  sent  through,  and  I  observed 
the  effect  closely  by  means  of  the  microscope.    What  I  noticed 


was  a  light,  or  small  arc,  or,  what  I  afterwards  concluded  it  was,  a 
burning  away  of  the  carbon.  The  two  carbons  came  closer 
together  during  that  burning,  and  presently  another  contact  was 
made,  and  another  light  became  visible.  The  carbons  still 
approached  until  I  saw  three  or  four  points  of  contact,  each  of 


1883,]  DIBCU8BI0K.  211 

which  was  illuminated;  and  at  last,  when,  as  I  presumed,  there 
were  sufficient  points  of  contact  for  the  greater  portion  of  the 
current  to  pass,  the  burning  ceased. 

The  Presideut  :  What  battery  power  had  you  ? 

Mr.  Steoh  :  Two  small  bichromate  cells. 

"When  the  burning  ceased  I  heard  the  watch  tick. 

This  all  took  place  in  the  course  of  a  few  seconds.  While  the 
microphonic  condition  remained,  I  could  see  no  longer  any  light 
at  the  points  of  contact.  But  as  soon  as  the  battery  power  was 
increased  the  burning  commenced  again,  and  continued  until  the 
area  of  contact  was  sufficiently  enlarged,  and,  consequently,  the  • 
resistance  so  far  reduced  that  the  degree  of  heat  which  was  still 
produced  was  below  that  which  causes  the  burning  of  the  carbon. 

This,  I  believe,  agrees  entirely  with  Mr.  BidweU's  observation, 
viz.,  that  the  resistance  of  the  contact  falls  with  an  increase  of  current. 

But  this  was  not  the  only  thing  I  observed.  I  now  let  down 
the  spring  of  the  microphone,  so  that  the  two  carbons  were  only 
just  in  contact,  and  no  more.  I  then  passed  a  current  from  the 
two  cells,  and  saw  a  momentary  burning  and  heard  a  short  click 
in  the  telephone ;  then  followed  an  interruption,  and  the  current 
would  pass  no  more.  By  making  contact  now  with  the  key  many 
times,  no  trace  of  current  could  be  detected  with  the  telephone, 
showing  that  after  the  first  passage  of  the  current  great  resistance 
was  established.  This  is  also  an  effect  observed  and  investigated 
by  Mr.  Bidwell. 

I  now  screwed  up  the  tension  spring  a  little,  and  so  increased 
the  pressure:  the  insulating  film  or  substance  which  prevented 
the  current  from  passing  was  by  the  extra  pressure  forced  away 
or  broken  through,  and  another  current  passed  on  makiog 
contact,  but  only  for  a  moment,  and  then  again  the  interruption 
occurred.  This  I  could  repeat  several  times,  until  the  spring 
was  wound  so  tight  that  the  insulating  substance  was  broken 
through  as  soon  as  it  was  formed,  and  then  I  could  hear  in  the 
telephone  the  well-known  boiling  or  hissing  sound  which  we  hear 
when  the  microphone  is  out  of  adjustment.  Sometimes  the 
noise  was  a  perfectly  clear  musical  note,  and  by  adjustment  of 
the  spring  it  occasionally  became  as  shrill  as  a  railway  whistle. 
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I  have  been  able  to  adjust  the  microphone  so,  that  while  still 
listening  to  the  whistling  noise,  I  could  hear  the  watch  as  well ; 
and,  whenever  I  have  succeeded  in  doing  that,  the  tick  of  the 
watch  was  always  louder  than  I  have  obtained  it  under  any  other 
circumstances^ 

That  experiment  was  made  with  a  telephone  which  had  a 
considerable  resistance  in  the  coil.  I  then  took  a  telephone  with 
a  very  small  resistance,  only  a  few  ohms,  and  obtained  an  entirely 
different  effect.  I  let  down  the  spring  again,  so  that  the  carbons 
were  only  just  in  contact.  I  saw  a  momentary  burning  as  before, 
but  the  movable  carbon  was  driven  away  from  the  fixed  carbon, 
and  apparently  remained  repelled  at  some  distance.  Each  time 
the  circuit  was  completed  by  the  key,  the  movable  carbon  was 
driven  away,  and  I  could  see  a  continuous  stream  of  sparks  flying 
across  the  space.  The  sound  produced  in  the  telephone  by  this 
effect  was  like  a  miniature  artillery  bombardment.  By  tightening 
the  spring  the  noise  was  changed  into  a  musical  note,  the  pitch  of 
which  rose  with  the  pressure. 

By  close  observation  I  could  see  very  fine  dark  lines,  which 
reached  firom  every  projection  of  the  jagged  edge  of  the  loose  carbon, 
right  across  the  space  to  the  fixed  carbon.  This  showed  that  the 
movable  or  loose  carbon  was  in  a  state  of  vibration,  the  amplitude 
of  which  was  equal  to  the  distance  of  the  apparent  separation  of 
the  two  carbons.  This  distance,  which  was  considerable  when  the 
rate  of  vibration  was  low,  became  rapidly  less  as  the  rate  was 
increased  by  tightening  the  tension  spring,  and  a  point  was  soon 
reached  when  the  separation  could  be  no  longer  seen,  but  was 
likely  still  to  exist  during  the  production  of  the  higher  notes. 

Another  effect  which  I  have  occasionally  observed  with  the 
microscope  during  the  production  of  the  various  noises  above 
mentioned  was,  that  little  firagments  of  carbon,  which  probably 
became  detached  by  their  expansion  by  heat,  but  still  remained 
between  the  carbons,  were  in  a  state  of  agitation. 

There  can  be  no  doubt  that  during  the  production  of  these 
singing,  hissing,  or  boiling  noises  the  current  cannot  be  a  con- 
stant one ;  but  in  the  case  of  the  former  it  must  be  intermitted, 
and  of  equal  periods,  while  in  the  case  of  the  latter  it  is  probably 
undulatory,  and  of  unequal  or  irregular  periods. 
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It  also  appears  to  me  that  a  current  crossing  a  microphonic 
contact  has  a  strong  tendency  to  cause  these  vibratory  dis- 
turbances, and  I  am  inclined  to  believe  that  during  microphonic 
action,  even  when  all  is  in  good  adjustment,  the  sound-waves 
which  are  transmitted  are  accompanied  by  other  vibjrations  which 
are  due  to  the  passage  of  the  current  itself. 

The  following  reasoning  has  led  me  to  this  supposition: — 
Whenever  I  succeeded  to  adjust  the  microphone  so  that  I  could 
hear  the  watch  tick  during  the  production  of  singing  or  hissing 
noises,  the  timbre  or  quality  of  the  sound  of  the  ticking  was 
exactly  that  of  the  hissing,  and  any  change  in  the  character  of 
the  latter  was  always  accompanied  by  a  corresponding  change  of 
the  former. 

As.  it  is  a  £etct  that  sudden  small  changes  in  the  quality  of 
sound  are  sometimes  observed  even  when  the  adjustment  of  the 
microphone  is  perfect,  that  is  to  say,  when  no  singing  or  hissing 
noises  are  heard,  it  must  be  that  whenever  sound  waves  are 
transmitted  these  have  superimposed  upon  them  other  vibrations 
possibly  of  a  very  high  rate  or  piteh,  which  vary  and  so  produce 
change  of  timbre  or  quality.  The  latter  would  be  the  vibrations 
or  disturbances  produced  by  the  passage  of  the  current  across  the 
contact. 

I  next  substituted  metallic  contacts  for  the  carbon  ones. 
With  platinum  I  have  obtained  very  good  microphonic  effects 
whenever  sticking  could  be  avoided,  and  it  occurred  to  me  during 
an  experiment  to  place  a  little  oil  on  the  platinum  contacts.  The 
oil  by  its  capillary  attraction  remains  always  surrounding  the 
contact,  and,  when  the  adjustment  was  so  that  I  could  hear  the 
watch  tick,  I  saw  that  the  oil  was  in  violent  agitation,  and  little 
particles  of  dust  or  carbon  which  were  in  it  I  could  see  spin  round 
with  great  rapidity.  I  was  puzzled  for  a  long  time  as  to  what 
caused  the  particles  to  be  agitated  in  so  violent  a  manner,  but 
found  that  it  was  simply  the  effect  of  heat.  The  oil  was  boiling 
at  the  point  of  contact,  even  with  a  simple  cell,  and  when  I  saw 
an  exceedingly  thin  film  of  smoke  arising  from  near  the  contact  T 
was  convinced  that  such  was  the  case. 

I  then  placed  upon  the  sur&ce  of  the  oil  a  number  of  carbon 
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particles  or  dost.  When  the  cnrredt  was  again  sent  through,  the 
Thole  of  the  carboD  dust  was  violently  rotated  and  started  in  all ' 
directioDB,  and  at  last  it  accumulated  round  the  points  of  contact 
and  bnilt  op  a  pillar  which  forced  the  electrodes  wide  apart,  and 
took  the  Bhap0  shown  in  Fig.  3. 

When  the  pillar  began  to  form,  it  speared  that  the  carbon 
dost  and  particles  were  attracted  to  the  points  of  contact  by  some 
means  or  other,  and  that  some,  having  once  got  there,  could  not 
get  away,  and  one  was  built  upon  the  other,  and  so  the  pillar  was 
formed  in  the  oil. 

With  a  pair  of  steel  contacts  I  made  the  same  experiments 
with  the  oil,  with  equal  success.  A  cnrioos  phenomenon  which 
I  especially  obserred  with  steel  contacts  was,  however,  that  the 


Fio.  8. 
revolutions  of  the  black  particles  in  the  oil  would  continue  their 
movements  for  a  considerable  time  after  the  current  had  been 
interrupted  by  the  key.     In  some  cases  it  took  quite  two  minntes 
before  they  came  entirely  to  rest. 

Finding  that  a  pillar  was  also  formed  without  carbon  dust  in 
the  oil,  I  took  the  latter  away  altogether,  and  found  that  by  s 
little  humouring  I  could  cause  this  piUar  to  grow  even  when  the 
contacts  were  dry  and  clean. 

This  pillar,  while  in  course  of  formation,  had  the  appearance 
of  being  in  a  state  of  low  incandescence,  but  I  came  to  the 
conclnsion  afterwards  that  it  was  surrounded  by  a  dull  red  glow, 
which  appeared  to  be  really  a  succession  of  sparks  running  along 
the  sur&ce  of  the  pillar. 

I  do  not  pretend  to  say  that  the  formation  of  this  pillar  can 
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have  anything  to  do  with  microphonic  action,  but  I  think  it  right 
for  us  to  consider  all  these  little  effects,  and  then,  by  collecting 
and  compiling  them,  help  some  day  to  explain  microphonic 
action. 

At  present  we  are  not  imanimous.  Mr.  ShelfonLBidwell  is  in 
£&voar  of  variable  mechanical  pressure  caused  by  sound-waves  aa 
being  the  principal  agency.  Mr.  Preece  is  in  favour  of  heat,  and 
others  &vour  the  arc  and  other  theories ;  but,  though  I  can  see 
the  possibility  that  all  these  theories  may  take  a  fair  share  in 
explaining  the  mysterious  action,  I  will  be  content  with  simply 
recording  fsctSj  and  with  the  expression  of  a  hope  that  the  day 
may  not  be  far  removed  when  we  shall  understand  the  action  of 
the  microphone  so  completely  that  we  can  all  join  in  the  same 
opinion. 

The  President  :  As  it  is  rather  late,  and  we  have  a  ballot  thi* 
evening,  I  propose  to  adjourn  this  important  discussion.  The 
paper  read  to-night  by  Mr.  Bidwell  was  itself  important,  and  now 
Mr.  Stroh  has  brought  forward  fresh  points  of  considerable  interest, 
which  I  think  we  shall  do  well  to  sleep  on. 

A  ballot  then  took  place,  at  which  the  following  were  elected : — 

As  Aasodatea : 


Burrows,  Henry  Alpha. 

Day,  Bussell  Camper,  B.A.,Oxon. 

Hinton,  W.  G. 

Lanyon,  Colonel  Sir  W.  Owenj 

K.C.M.G-,  C.B. 
Legg>  W.  A. 


Macartney,  H.  J.  Ellison. 
Mondey,  William. 
Pidgeon,  Bandall. 
Sealy,  G.  W. 
Smart,  Edgar. 
Smith,  Thos. 


Wharton,  Charles  Joseph. 

As  StuderUa : 

Bider,  John  Hall. 
Taylor,  WiUiam. 

The  meeting  then  adjourned  until  Thursday  evening,  26th 
April,  1883. 


Joyce,  Samuel,  jun. 
Porter,  Charles  V. 
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The  One  Hundred  and  Twenty-second  Ordinary  G-eneral  Meeting 
of  the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
April  26th,  1883— Mr.  Willouohby  Sboth,  President,  in  the 
Chair. 

The  minutes  of  the  last  meeting  were  read  and  confirmed,  and 
the  names  of  new  candidates  were  announced  and  suspended. 

The  President  :  Before  we  renew  the  discussion  on  the  three 
papers  referring  to  microphones,  I  will  ask  the  Secretary  to  read 
a  communication  received  from  Professor  SUvanus  Thompson, 
giving  his  views  on  the  subject. 

The  Secretary  then  read  the  following  communication  for- 
warded by  Prof.  Silvanus  P.  Thompson,  who  was  unable  to  be 
present : — 

In  the  first  place,  I  cannot  agree  with  Mr.  Bidwell,  that  the 
variation  of  contact  resistance  by  pressure  was  first  discovered 
either  by  Count  du  Moncel  or  by  M.  Cl^rac.  It  is  much  older. 
It  was  to  obviate  imperfect  contacts  and  their  undesirable  varia- 
tions of  resistance,  that  binding  screws — ^more  than  half  a  century 
old — ^were  devised.  And  it  is  amongst  the  first  things  impressed 
on  the  attention  of  young  telegraphists,  that  they  must  in  signal- 
ling press  their  keys  well  down,  because  a  light  contact  would 
offer  some  resistance,  which  on  an  increase  of  pressure  would 
disappear. 

In  the  second  place,  I  should  like  to  draw  attention  to  two 
matters,  the  importance  of  which,  I  think,  has  been  overlooked 
too  much  both  by  Mr.  Bidwell  and  by  Messrs.  Mimro  and 
Warwick.    These  two  points  are — 

1.  The  range  through  which  the  resistance  of  a  contact  can 
vary. 

2.  The  range  through  which  the  distance  of  a  contact  can 
vary.  (The  sense  in  which  I  use  this  term  will  be  evident 
presently.) 

According  to  my  experience,  the  range  of  resistance  through 
which  the  contact  between  two  conductors  (including  both 
metallic  and  non-metallic  conductors)  can  vary  is  very  wide. 
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With  two  pieces  of  silver  or  copper  the  range  is  enormously  wide, 
from  a  very  small  fraction  of  one  ohm  up  to  some  thousands  of 
ohms,  without  any  break.  I  find  that  the  available  range  of  varia- 
tions in  resistance  is  not  so  great  when  materials  of  lower  conduc- 
tivity are  used.  For  instance,  with  bad  conductors,  such  as 
selenium,  whose  conductivity  is  millions  of  times  less  than  that 
of  copper,  silver,  graphite,  or  any  ordinary  good  conductor,  it  is 
impossible  to  get  equally  wide  ranges  of  variation  in  resistance. 
For  though  the  higher  limit  may  be  as  great,  no  amount  of  pres- 
sure at  a  point  will  bring  the  bad  conductors  into  a  sufficient 
degree  of  intimacy  of  contact  to  bring  down  the  lower  limit  to 
equality  with  the  lower  limit  of  the  good  conductor. 

On  the  other  hand,  if  we  measure  the  range  of  distance 
through  which  the  contact-pieces,  or  either  of  them,  must  be 
moved  in  order  to  pass  through  the  entire  available  range  of 
variations  in  resistance,  the  relative  status  of  the  dififerent 
substances  is  precisely  reversed.  The  best  conductors  require 
only  the  very  smallest  range  of  motion,  and  the  worst  conductors 
require  a  much  greater.  Of  course,  in  any  case  the  range  is 
exceedingly  small — ^to  be  measured  in  millionths  of  an  inch* 
But  I  h&ve  satisfied  myself  that  it  is  less  for  contacts  of  silver, 
copper,  or  brass,  than  for  nickel  or  platinum ;  less  for  platinum 
than  for  coke-carbon ;  and  less  for  coke-carbon  than  for  peroxide 
of  manganese.  I  should  like  to  enquire  whether  Mr.  Bidwell  has 
taken  any  cognisance  of  this  point  in  contrasting  the  behaviour 
of  bismuth  with  that  of  coke-carbon. 

I  think  it  is  to  be  extremely  regretted  that  Mr.  Bidwell  has 
not  extended  his  very  valuable  observations  to  metals  more 
typical  in  their  character  than  bismuth,  which,  being  the  most 
fusible  and  worst  conductor  of  the  metals  (save  quicksilver),  is  not 
only  the  least  typical  of  metals,  but  is  the  one  metal  least  suited 
to  form  a  telephonic  transmitter.  For  this  reason  I  must 
respectfully  submit,  that  all  general  conclusions  drawn  with 
respect  to  *^  the  metals,"  in  contrast  with  carbon,  must  be 
distrusted  ah  i/nitioy  when  the  one  metal  selected  for  comparison 
is  the  very  one  that  is  least  suitable  for  selection. 

For  some  months  I  have  been  watching  the  behaviour  of  some* 
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metal  transmitterB  devised  by  Mr.  <}»  L^  Anders,  and  some  devised 
by  myself.  I  hope  on  a  future  occasion  to  bring  these  instru- 
ments before  the  Society.  But  it  will  not,  I  think,  be  premature 
to  say,  that  amongst  these  instruments — working  by  contact 
between  lumps  of  polished  metal — ^there  are  some  which  have  , 
been  in  constant  action  for  five  or  six  months,  and  show  no  sign 
of  deterioration  or  of  uncertainty  in  action.  They  are  louder,  and 
in  some  respects  more  sensitive,  than  any  carbon  transmitter;  and 
they  will  stand  a  stronger,  current.  Their  articulation,  though 
in  some  respects  a  little  "hard"  or  "metallic,"  is  in  general 
more  distinct  than  with  carbon  contacts.  The  only  real  difficulty 
we  have  found  in  arranging  them  at  first  has  been  to  secure  the 
requisite  Tninuteness  in  range  of  motion.  Where  this  is  properly 
ensured,  articulation  is  always  good.  There  is  a  marked  dififerenoe 
between  the  metals  for  practical  purposes ;  and  on  this  p<Hnt 
much  might  be  said.  Suffice  it  to  remark,  that  with  ccmtact- 
pieces  of  silver  the  articulation  is  loud  and  clear,  and  the  higher 
the  polish  of  the  surfEM^s,  the  better  the  result.  I  attribute  the 
superiority  of  these  metal-contacts  over  carbon-contacts  in  the 
matter  of  loudness  to  the  superior  conductivity  of  the  metals 
employed,  giving  (with  a  narrower  range  of  motion)  a  greater 
range  in  the  available  i^ariations  of  resistance. 

It  is  the  opinion  both  of  Mr.  Anders  and  of  myself  that  the 
resistance  of  a  contact  for  telephonic  purposes  (I  am  speaking 
here  only  of  a  single  contact  between  two  pieces  or  parts)  is 
determined  solely  by  the  number  of  molecules  in  contact  at  the 
sur&ce  and  by  the  specific  conductivity  of  those  molecules.  The 
element  of  fusibility  comes  in  to  spoil  the  constancy  of  the 
surfaces  in  contact ;  and  the  elevation  of  temperatm*e  occurring 
at  the  contact  may,  as  Mr.  Bidwell  has  well  observed,  come  in  to 
change  the  specific  conductivity  of  the  active  molecules.  But 
granting  this  effect  of  heating,  there  remains  the  implied  pre- 
liminary fact,  that  the  number  of  molecules,  or,  in  other  words, 
the  amount  of  substance  in  contact,  will  be  varied  by  changes  of 
pressure.  At  a  mere  "  point"  in  contact  physically  with  another 
"  point,"  there  may  be  hundreds  or  even  millions  of  molecules  in 
contact  with  one  another,  all  acting  as  so  many  paths  for  the  flow 
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of  the  current.  An  extremely  minute  motion  of  approach  or 
recession  may  suffice  to  alter  very  greatly  the  number  of 
molecules  in  contact,  and  the  higher  the  specific  conductivity  of 
tl^  substance,  and  the  denser  its  structure,  the  shorter  need  be 
the  actual  range  of  motion  requisite  to  bring  about  a  given 
change  in  the  eontact*resistance.  Just  as  in  a  system  of  electric 
lamps  in  parallel  arc,  the  resistance  of  the  system  increases  when 
the  niimber  of  lamps  is  diminished,  and  diminishes  when  the 
number  of  lamps  connecting  the  parallel  mains  i$  increased,  so 
is  it  with  the  molecules  at  the  two  surfaces  of  contact*  Each 
molecule  as  it  makes  contact  with  a  molecule  on  the  opposite 
surface  diminishes,  by  so  much  relatively  to  the  number  of 
molecules  previously  in  contact,  the  resistance  between  the 
surfaces.  Each  molecule  as  it  breaks  from  contact  with  its 
opposite  neighbour  adds  to  the  resistance  between  the  oontaci- 
surfeu^s.  It  may  therefore  be  that  the  variations  of  resistance 
which  are  observed  at  contacts  between  all  conductors,  from  the 
best  to  the  worst,  are  all  made  up  (though  they  appear  to  pass 
through  gradual  and  continuous  changes)  of  innumerable  minute 
/^  makes  and  breaks  "  of  molecular  contact.  . 

Assuming  then,  broadly,  that  the  observed  resistance  at  a 
point  of  jcontact  is  due  to  the  number  of  molecules  in  contact, 
4md  to  their  individual  resistances,  it  is  evident  that  the  property 
of  varying  resistance  at  contact  ought  to  be  most  evideait  ceteris 
parHma  in  those  substances  which  are  the  best  conductors. 
Unfortunately,  the  cetera  are  not  paria,  owing  to  questions  of 
unequal  fusibility,  pcnrosity ;  and  carbon,  which  is  so  remarkably 
infusible,  is  commonly  credited  with  giving  a  better  result  than 
other  substances.  This  common  opinion  is,  however,  based  on 
comparisons  made  without  taking  into  consideration  the  question 
of  range  of  motion,  and  without  taking  into  oonsideration  the 
point  that  some  carbon  won't  work  at  all  in  a  microphone,  namely, 
that  kind  that  does  not  conduct,  whilst  that  kind  works  beat 
which  19  the  best  cond/actor.  In  fact,  in  a  telephone  transmitter, 
properly  arranged  with  a  suitable  range  of  motion  in  the  parts, 
the  metals  work  just  as  well  as  carbon — some  better.  As  to  the 
suggestion  that  the  alleged  superiority  of  carbon  is  due  to  its 
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being  a  ^^  semi-conductor,"  whatever  that  term  may  mean,  that 
suggestion  is  one  of  those  peculiarly  fitted  to  catch  the  unscientific 
mind,  as  affording  an  easy  explanation  for  an  obscure  &ct ;  and, 
like  a  good  many  other  catching  suggestions,  it  is  not  true.. 
Good  conducting  carbon  works  well :  bad  conducting  carbon  workv 
badly ;  and  silver  may  be  made  to  work  better  than  either — at 
any  rate,  so  long  as  the  sur£BU)es  do  not  get  altered  by  partial 
fusion. 

Lastly,  a  word  on  the  use  of  metallic;  transmitters.  I  cannot 
admit  that  Messrs.  Munro  and  Warwick — ^interesting  and  valuable 
as  their  new  instruments  are — ^are  the  first  to  use  metallic  tran»> 
mitters.  Messrs.  Theiler  have,  to  my  knowledge,  long  employed 
metallic  transmitters.  But  before  them  Blake  certainly  deserves 
the  credit  of  knowing  that  metallic  contacts  could  be  employed. 
Blake's  British  Patent  Specification  for  his  well-known  trans- 
mitter distinctly  mentions  this,  and  he  does  not  even  claim  the 
use  of  the  carbon  stud.  Speaking  of  the  metal  weight  attached 
to  the  spring,  he  says :  *^  This  weight  may  be  of  metal,  which  may 
serve  directly  as  the  electrode." 

But  older  even  than  Blake  there  are  metal  transmitters? 
Philipp  Beis  employed  them.  I  think  Mr.  Munro  said  that  Beis 
employed,  ^^  without  knowing  it,"  a  metal  microphone.  I  quite 
admit  that  he  did  not  know  the  term  microphone ;  but  careftd 
perusal  of  his  works  leaves  no  doubt  that  he  used  and  meant  to 
use  the  thing.  That  he  did  not  intend  his  instrument  to  work  as 
a  *^  make  and  break,"  is  obvious — firmly,  firom  the  &ct  that,  like 
Blake,  he  mounted  his  contacts  on  following-springs,  which  could 
have  no  other  result  than  to  prevent  abrupt  make  and  break; 
secondly,  he  himself  has  told  us  that  the  contact-apparatus  which 
he  put  at  the  back  of  his  tympanum  was  intended  to  open  and 
close  the  circuit  in  proportion  to  the  vibrations.  No  carbon 
microphone  can  do  anything  more  than  this,  though  the  quaint- 
ness  of  the  way  of  putting  it  may  evoke  a  smile. 

The  PfiEsmENT:  I  am  anxious  that  the  discussion  should 
proceed  without  delay,  as  there  are  one  or  two  instruments  to  be 
shown  this  evening.  Professor  A.  Jamieson  has  come  specially 
from  Glasgow  to  introduce  to  our  notice  a  new  meter,  the 
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invention  of  Professor  Blyth.  Another  instrument  before  us, 
is  a  static  induction  telephone  by  Mr.  Moon,  and  we  should  be 
glad  to  have  these  instruments  shown  to-night. 

Professor  D.  E.  Hughes,  F.R.S.,  in  opening  the  discussion, 
said  there  were  two  points  to  be  considered  in  connection  with 
microphones,  one  being  the  mechanical  condition,  and  the  other 
the  electrical  condition,  the  two  points  being  entirely  distinct. 
Dr.  Julian  Ochorwiz,  he  said,  experimented  in  1879,*  and 
showed  some  very  interesting  experiments  in  regard  to  the  theory 
of  the  microphone.  He  (Professor  Hughes)  had  himself  attempted 
to  show  that  a  microphone  would  work  without  a  diaphragm,  and 
he  showed  a  sketch  of  an  arrangement  of  carbons  which  dispensed 
with  the  mechanical  motion  of  a  diaphragm,  and  by  which  speech 
was  transmitted  in  spite  of  the  presence  of  the  grating  noise.  A 
microphone  suspended  in  a  glass  vessel  filled  with  water  gave  out 
sounds  quite  clearly  when  the  water  was  spoken  to,  or  when  the 
glass  was  spoken  to,  showing  that  mechanical  motion  took  place 
at  every  point.  He  expressed  the  opinion  some  time  ago,  and 
still  adhered  to  it,  that  there  were  two  kinds  of  vibration,  acous- 
tical and  mechanical.  If  a  log  of  wood  was  struck  at  one  end,  the 
sound  was  heard  perfectly  at  the  other:  that  was  mechanical 
vibration,  which  took  place  in  every  pcui)  of  the  wood.  Sir  Charles 
Wheatstone,  in  his  earliest  telephone,  adopted  this  fact  in  his 
transmission  of  musical  sounds  from  one  room  to  another  in  the 
Polytechnic  Institute,  by  the  employment  of  a  single  rod  of  wood. 
But  no  transversal  vibrations  took  place  in  such  an  arrangement ; 
every  portion  of  the  wood  was  set  in  vibration,  as  in  the  sounding 
post  of  a  violin;  and  the  transmission  was  really  by  molecular 
action. 

A  microphone  placed  on  a  piece  of  wood  which  was  set  in 
mechanical  vibration  would  be  influenced  by  the  motion:  if  a 
hole  were  made  in  the  wood,  the  sound  would  be  still  heard,  or  if 
the  hole  were  fiUed  with  water,  the  eflfect  would  be  as  clear  and 
perfect  as  in  the  first  instance.  An  ordinary  microphone,  coated 
thoroughly  with  sealing-wax   and  made  quite  rigid,  would  act 

•  Telegraphic  JbumaZ,  November  1, 1870. 
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perfectly  veil  for  some  time,  until  a  burning  or  disintegration  of 
the  particles  took  place,  when  the  microphonic  action  ceased* 

In  1878  he  read  a  paper  before  the  Physical  Society,  in  which 
he  took  the  ground  that  mechanical  vibrations  were  quite  distinct 
from  acoustical  vibrations,  and  could  not  be  considered  as  taking 
place  in  large  waves :  there  was  no  condensation  on  the  one  side 
and  expansion  on  the  other.    To  him,  at  first,  it  appeared  that 
there  was  no  other  way  of  explaining  the  electric  action  of  the 
microphone  than  the  theory  that  the  carbon  sur£EU2es  came  more 
or  less  into  contact  by  molecular  action.    The  theory  was  a  most 
natural  one,  though  many  anomalies  occurred  that  it  did  not 
account  for.    Mr.  Bidwell,  in  his  paper,  had  taken  the  same  view; 
but  that  paper  was  so  full  of  anomalies  that,  in  fiict,  nothing  could 
disagree  better  with  his  theory  than  his  own  paper.    No  better 
conviction  is  needed  if  Mr.  Bidwell  had  a  theory,  but,  fortunately, 
he  said  he  had  not.    Mr.  Bidwell  and  Mr.  Stroh,  as  well  as  others, 
had  shown  that  something  remarkable  occurred  in  the  action  of 
the  microphone.    He  had  made  many  experiments  to  try  and  find 
out  what  that  something  was,  and  came  to  the  conclusion  that  it 
was,  as  in  the   electric  light,  the   effect  of  an  arc.     A  spark 
occurred,  however  low  a  battery  power  was  used;  and  even  when 
it  was  not  visible,  there  was  no  doubt  a  theoretical  spark ;  and  an 
arc  supplied  all  the  conditions  to  account  for  the  action.    M.  Ader 
had  experimented  in  Paris  with  a  microphone  in  which  an  arc  of 
some  size  took  place.    The  carbons  were  arranged  at  a  distance  of 
a  quarter  of  an  inch,  through  which  the  arc  was  formed,  and 
through  which  speech  was  perfectly  transmitted ;  though,  at  the 
same  time,  not  without  the  great  noise  of  stn  electric  arc,  on 
account  of  the  transference  of  carbon  which  took  place.    Professor 
Blyth  had  similarly  experimented.    Professor  Hughes  himself  was 
quite  ready  to  adopt  that  view,  but  there  were  many  anomalies 
even  after  that.    He  and  Dr.  Warren  De  la  Kue  had  experimented 
with  the  view  of  measuring  the  arc  with  varying  battery  power, 
and  with  the  terminals  placed  in  a  tube  at  an  infinitely  small 
distance  apart,  within  one-thousandth  of  an  inch.    Ten  elements 
were  first  employed,  and  a  measurement  taken  on  a  galvanometer. 
A  deflection  took  place,  which  remained  constant  for  a  short  time. 
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and  then  the  cnrrent  ceased,  passing.  Twenty  elements  were  next 
employed,  but  no  cuirj^ilt  was  observed;  and  it  was  not  until  fifty 
elements  were  brought  into  circuit  that  a  current  passed,  but  only 
for  a  few  seconds.  This  phenomenon  occurred  with  each  increase 
of  current  up  to  10,000  elements,  the  current  refusing  to  pass 
through  -^  of  a  miUimdtre  in  vacuOf  whilst  the  same  current  had 
a  striking  distance  in  the  atmosphere  of  ^  inch.  Dr.  De  la  Bue, 
who  had  made  a  great  number  of  experiments  with  tubes,  could 
not  explain  the  effect,  and  was  continuing  his  experiments  in 
search  of  an  explanation.  The  action  of  the  microphone  was 
something  which  took  plaqe  in  a  space  between  two  conductors 
infinitely  near,  but  still  separated.  It  is  known  as  the  microphonic 
contact,  and  is  really  electricity  in  a  free  space.  When  we  become 
able  to  solve  the  problem  of  the  microphonic  contact,  we  shall  add 
greatly  to  our  knowl^ge  of  electricity  itself. 

Professor  W.  E.  AyRTON,  F.E.S.,  remarked  that  the  title  of 
the  paper  on  ^^  Microphonic  Contacts"  was,  in  his  humble  opinion, 
very  much  like  the  title  of  a  well-known  classical  treatise  on 
^<  Snakes  in  Iceland,"  whipl^,  after  stating  the  title,  gave  as  the 
substance  of  the  treatise :  ^  There  are  no  snakes  in  Iceland,"  and 
passed  on  to  something  else.  ^^  Microphonic  Contacts  "  could  be 
similarly  treated :  there  were  no  microphonic  contacts,  and  in  his 
opinion  the  action  was  nfii  at  all  an  action  of  contact,  ^f  Micro- 
phonic  Separations"  might  well,  he  thought,  have  been  the 
subject  of  the  paper.,  The  point  dealt  with  by  Professor  Silvanus 
Thompson,  viz.,  that  of  ngige,  was  in  fetct  another  reason  for 
making  it  £Edrly  certain  that  there  was  no  actual  contact  at  all  in 
a  microphone.  Professor  Perry  and  the  speaker  had  made  expen- 
ments  on  the  electi^motive  force  that  would  maintain  an  electric 
arc  at  various  distances  between  the  carbons,  and  a  communication 
had  been  made  by  them  on  the  subject  to  the  Physical  Society  at, 
the  end  of  last  year,  which  would  appear  in  the  "  Philosophical 
Magazine  "  for  May.  The  law  that  was  evolved  was  that,  given  a 
certain  distance  between  two  carbon  points,  there  was  a  certain 
fixed  electro-motive  force  that  would  keep  up  the  arc:  less 
than  that  would  not  keep  up  an  arc  at  all,  and  one  could  not 
make  the  electro-motive  force  greater  than  that,  because  the 
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only  effect  would  be  that  more  current  passed — in  fact^  that  the 
potential  difference  necessary  between  two  carbon  points  to 
maintain  an  arc  depended  mainly  on  the  length  of  the  arc,  and 
hardly  at  all  on  the  current  passing.  An  investigation  of  the 
experiments  of  Drs.  Hugo  Miiller  and  De  la  Bue  on  the  subject  of 
the  striking  distance  of  arcs  showed  that  the  curve  recording 
Professors  Ayrton  and  Perry's  results,  connecting  the  length  of 
an  arc  with  the  potential  difference  between  the  carbons  necessary 
to  maintain  the  arc,  agreed  very  closely  with  the  curve  Drs. 
Hugo  Miiller  and  De  la  Rue  had  found  for  potential  difference 
and  striking  distance.  Further,  an  examination  of  those 
gentlemen's  experiments  showed  no  recorded  results  on  the 
potential  difference  between  two  carbon  points  when  an  arc  was 
maintained,  but  only  the  potential  difference  between  two  brass 
or  metallic  points ;  and  it  was  surprising  to  find  that  it  required 
for  a  given  distance  an  immensely  greater  electro-motive  force  to 
keep  up  an  arc  between  two  metal  points  than  one  between  two 
carbon  points.  Professor  Silvanus  Thompson's  remarks  coincided 
with  that,  for  he  said  that  in  a  metallic  microphone  the  range  was 
very  much  less  than  in  a  carbon  microphone,  and  this  Professor 
Ayrton  pointed  out  meant  the  maximmn  electro-motive  force  of 
the  battery  was  only  able  to  maintain  a  current  across  a  very  small 
distance  separating  two  metallic  surfieuses. 

The  experiments  of  Drs.  Miiller  and  De  la  Sue,  compared 
with  those  of  Professors  Ayrton  and  Perry,  showed  that  the  potential 
difference  necessary  to  make  an  arc  of  fixed  length  between  two 
metallic  points  was  very  much  greater  than  was  necessary  with 
two  carbon  points.  It  had  occurred  to  them,  therefore,  as  prob- 
able that  with  two  very  soft  pieces  of  carbon,  such  as  that 
proposed  by  Mr.  Varley  for  the  electric  light,  an  arc  would  be 
able  to  be  maintained  with  very  much  less  electro-motive  force  for 
the  fixed  distance  than  was  supposed;  and  he  was  glad  to  see 
that  the  result  they  had  then  predicted  had  been  since  experi- 
mentally verified  with  Mr.  Varley's  very  soft  carbons,  it  having 
been  experimentally  found  that  with  soft  carbon  a  very  much  less 
difference  of  potentials  was  necessary  to  keep  up  the  arc  of  fixed 
length  than  would  be  necessary  with  hard  carbon.    It  seemed 
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that  for  a  given  substance  at  a  fixed  distance  a  certain  potential 
difference  could  be  maintained,  and  practically  no  other,  the 
difference  of  potential  itself  being  dependent  on  the  substance 
and  on  the  distance. 

He  had  spoken  of  no  real  contact  at  all  up  to  that  point. 
It  would  be  observed  that  in  Mr.  Bidwell's  paper,  so  long 
as  he  dealt  with  a  very  small  pressure,  such  as  jf^  of  a 
gramme,  a  slight  increase  in  the  pressure  made  a  considerable 
difference  in  the  resistance,  but  when  he  got  to  3  grammes  the 
additional  pressure  of,  say,  ^  gramme  made  only  a  small  per- 
centage of  diminution  in  the  resistance,  because  then  he  was 
approaching  real  contact  between  the  pieces  of  carbon,  and  had 
ceased  to  have  a  microphonic — ^he  would  not  say  contact— but  a 
microphonic  non-contact.  The  figures  contained  in  the  paper 
supported  the  suggestion  that  there  was  no  real  contact  in  the 
microphone.  In  his  paper  Mr.  Bidwell  had  shown  that  the 
resistance  diminishes  as  the  current  increased.  That  was  exactly 
in  accordance  with  the  results  Professor  Ayrton  and  his  colleague 
had  found  with  the  arc.  The  result  of  Mr.  Bidwell's  experiments 
was  shown  in  his  Table  5,  containing  results  obtained  with 
a  fixed  pressure  and  a  variable  current,  and  he  obtained  by  an 
increase  of  current  a  very  considerable  diminution  in  what  was 
called  the  resistance.  In  Table  9  it  was  a  little  more  difficult  to 
explain  the  law.  First,  there  was  a  diminution  of  resistance, 
as  the  speaker  would  have  expected,  but  then,  as  the  current 
increased,  the  resistance  suddenly  became  infinite.  The  only 
explanation,  as  far  as  he  could  then  see,  was  that  when  the  current 
reached  a  certain  value  for  a  particular  pressure  the  tendency  of 
the  particles  to  be  driven  apart  by  the  current  took  place  so 
rapidly  that  practically  no  current  could  pass.  What  he  meant 
by  that  was,  that  when  the  pressure  was  greater  than  a  certain 
amount  for  a  particular  current,  the  pressure  was  more  effective 
than  the  repelling  action  of  the  current  itself  between  the  surfiEu^es, 
and  the  current  passed ;  but  when  a  certain  current  was  reached, 
then  the  repulsion  balanced,  or  more  than  balanced,  the  effect  of 
the  weight.  When  the  current  stopped,  probably  the  particles 
came  together,  but  the  moment  the  current  was  caused  to  pass, 
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the  electro-motive  forcci  need  being  large^  a  tolerably  strong  cur- 
rent probably  did  pass,  but  for  an  exceedingly  short  time,  and 
the  particles  were  at  once  pushed  asunder,  and  the  circuit  was 
interrupted.  Every  time  a  strong  current  was  put  on,  the  par- 
ticles were  driven  asunder,  and,  as  fiur  as  the  galvanometer  could 
indicate,  no  curreilt  passed.  He  anticipated  that  the  strong 
current  did  pass,  but  for  so  short  a  time  that  no  eflfect  on  the 
galvanometer  was  produced.  If  this  explanation,  which  he  ven- 
tured to  propose,  were  correct,  it  was  not  surprising  that  Mr. 
Bidwell  found  the  weak  current  to  pass,  because  the  electro- 
motive force  was  not  suflSciently  strong  to  repel  the  particles.  It 
seemed  an  anomaly  to  say  that  a  weak  current  would  pass  while  a 
strong  one  would  not,  but  it  was  explained  by  the  repellent  force 
produced  in  the  particles  by  variation  in  the  strength  of  the 
electro-motive  force. 

All  the  phenomena  mentioned  in  Mr.  Bidwell's  paper  seemed 
to  him  to  lead  to  the  conclusion  expressed  by  Professor  Hughes, 
that  a  great  part,  if  not  the  whole,  of  the  action  of  a  microphone 
was  due  to  the  particles  not  being  in  contact  when  the  current 
passed.  But  what  had  to  be  dealt  with  was,  in  &ct,  not  metallic 
conductivity,  but  rather  an  arc  conductivity,  or  a  conductivity  in 
which  the  resistance  was  a  function  of  the  current,  and  in  which 
the  resistance  diminished  aa  the  current  increased. 

Mr.  J.  MuNRO :  I  have  some  further  observations  to  make  on 
the  action  of  the  microphone,  but,  before  doing  so,  I  should  like  to 
remark  upon  a  point  raised  by  Mr.  Bidwell  at  the  last  meeting  of 
the  Society,  in  drawing  some  deductions  firom  his  very  interesting 
experiments  on  ^^  microphonic  contacts."  Mr.  Bidwell  has  com- 
pared a  microphone  made  of  a  single  pair  of  carbon  points  with 
one  made  of  a  single  pair  of  metal  points,  and,  because  he  finds 
that  the  metal  points  tend  to  stick  together,  he  infers  that  carbon 
is  superior  to  metals  in  the  microphone  for  this  reason.  Now,  it 
is  quite  true  that  a  single  pair  of  metal  points  do  tend  to  adhere, 
-and  I  believe  Mr.  Bidwell  is  correct  in  arguing  that  this  is  one 
reason  at  least  why  metal  microphones  with  single  points  have 
hitherto  fiuled.  But,  as  a  matter  of  &ctj  metal  only  requires  a 
different  treatment  from  carbon  to  make  it  answer  well  enough  as 
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a  micirophone  transmitter.    Attempts  to  use  it  have  fedled  until 

noW)  because  it  was  employed  like  carbon  in  the  original  forme  of 

microphone  devised  by  Professor  Haghes.    The  experiments  I 

have  made  show  that  the  proper  way  to  emfioy  metals  in  the 

microphone  is  (1)  to  have  a  number  of  contact  points,  so  as  to 

reduce  the  tendency  to  adhere ;  (2)  to  deal  with  light  masses  of 

metal  capable  of  vibrating  easily ;  and  (3)  to  reduce  the  vibrations 

<^  the  sound-waves  to  a  size  which  does  not  cause  the  metal  points 

to  separate  beyond  the  discharging  distance  between  them.    This 

distance  appears  to  be  smaller  in  the  case  of  metals  than  in  the 

case  of  carbon,  probably  because  carbon  supplies  more  particles 

to  the  point-discharge.    I  use  this  term  in  preference  to  ^^arc," 

because  I  hope  to  show  that  it  is  not  an  ^^  arc,"  as  we  understand 

it,  which  ezilts  in  a  good  working  microphone,  but  rather  a  silent 

or  steady  discharge  between  the  points  without  the  production  of 

light.    If  these  conditions  be  borne  in  mind,  I  see  no  reason  why 

metal  microphones  should  not  act  as  well,  practically  speaking,  as 

carbon.    Metals  have  even  some  points  of  superiority  over  carbon. 

They  are  less  resisting  in  their  mass,  and,  as  it  is  now  proved  that 

all  the  change  of  resistance  which  takes  place  in  the  microphone 

is  at  the  points  in  contact,  this  is  some  advantage.    Again,  they 

.appear  to  be  more  capable  of  very  deUcate  and  rapid  vibration 

than  carbon.    The  gauze  and  grain  transmitters  with  multiple 

points  of  contact  and  light  vibrating  masses,  which  I  exhibited 

here  on  March  8th,  are  constructed  on  the  lines  laid  down,  and 

Mr.  Warwick  has  since  made  two  for  me  in  which  the  gauze  and 

grain  microphones  are  arranged  in  series — that  is  to  say,  several 

gauze  microphones  are  connected  in  series  in  the  same  case,  and 

several  grain  microphones  are  connected  in  series  in  another  case. 

This  plan  will  further  defeat  the  tendency  to  stick,  and  maintain 

a  uniform  and  distinct  sound ;  for  if  one,  or  even  two,  of  the 

regulators  should  stick  at  once,  the  current  will  be  short-circuited 

through  them,  and  the  others  will  continue  to  act.    A  transmitter 

of  this  kind  is  placed  upon  the  table  to-night.    Metals  have  their 

own  peculiarities,  and  require  a  special  mode  of  manipulation, 

which  has  not  hitherto  been  recognised.. 

I  come  now  to  the  action  of  the  microphone  in  general.    I 
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have  been  trying  to  get  clear  ideas  on  the  subject,  and  have  made 
a  number  of  experiments  to  this  end,  which  I  will  describe  as  I  go 
on.    The  view  I  put  forward  at  the  meeting  of  March  8th  still 
seems  to  me  correct,  in  that  there  is  a  discharge  between  the 
vibrating  points  through  a  thin  stratum  of  partially  conductive 
air  or  liquid,  which  is  varied  by  the  vibrations  of  the  points ;  but 
a  new  element  has  been  introduced,  in  the  form  of  a  repulsion 
between  the  points  caused  by  the  discharge.    This  repulsion  acts 
as  a  kind  of  ^^  buffer  **  to  the  vibrating  points,  tending  to  keep 
them  apart  when  they  come  together  by  vibration,  and  it  is  this 
which  makes  the  microphone  reversible  and  capable  of  use  as  a 
telephonic  receiver,  for  it  appears  to  vary  with  the  strength  of 
current.    That  metal  microphones  also  act  as  receivers,  is  demon- 
strated by  the  wire-gauze  receiver  which  I  have  had  constructed 
and  placed  upon  the  table.    It  consists  of  a  pile  of  small  squares  of 
wire-gauze  enclosed  in  a  case  between  two  electrodes,  which  convey 
the  current  through  it.    The  head  of  the  elastic  pile  of  gauze 
bears  upon  the  centre  of  a  mica  diaphragm  through  a  small  plug 
of  cork,  so  that,  when  the  pile  expands  and  contracts  under  the 
passage  of  the  current,  the  mica  diaphragm  vibrates.     A  spring 
bearing  on  the  outer  surface  of  the  diaphragm,  and  a  magnet  pole 
applied  to  the  other  end  of  the  pile,  are  applied  for  adjustment. 
The  sonorous  effect  is  very  feeble  with  the  instrument  exhibited, 
but  it  is  unmistakable,  and  serves  to  demonstrate  the  point  in 
question.      Metal   microphones,   as   well   as    carbon    ones,   are 
reversible. 

To  descend  into  detail :  if  you  form  a  circuit  with  a  battery, 
a  telephone,  and  two  electrodes  either  of  metal  wires  or  small 
carbon  rods,  then,  on  bringing  the  electrodes  into  contact,  you 
hear  first  a  click  in  the  telephone,  then  a  buzzing  sound,  and  if 
you  press  the  points  more  firmly  together  you  get  silence.  This 
is  invariably  the  case.  The  click  is,  no  doubt,  the  establishment 
of  the  discharge  between  the  points ;  the  buzzing  is  produced  by 
the  vibration  of  the  points  in  light  contact,  and  the  silence  by  a 
fixed  metal  contact  operating  as  if  it  were  due  solid  piece.  The 
buzzing  sound  indicates  what  I  may  call  the  **  microphonic  state  ;*^ 
for  I  have  always  found  that  a  metal  or  carbon  trannnitter 
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becomes  active  when  this  buzzing  sound  arises.  The  limits  of 
this  microphonic  state,  then,  are,  on  the  one  hand,  the  width 
between  the  points  which  gives  no  current  at  all,  or,  in  other 
words,  the  extreme  limit  of  the  discharging  distance,  and,  on  the 
other  hand,  the  fixity  of  contact  which  prevents  the  points 
vibrating.  In  short,  the  microphonic  range  lies  within  the 
discharging  distance  through  the  air,  liquid,  or  other  fluid  con- 
ductor between  the  points;  and  we  cannot  have  a  microphone 
unless  the  points  are  free  to  vibrate  lightly  within  this  range. 
This  explains  what  we  mean  by  saying  that  a  microphone  is  a 
**  phenomenon  of  loose  contact.** 

On  a  larger  scale,  if  you  take  an  arc  electric  lamp  with  large 
points  and  a  powerful  current  (I  used  40  Bunsen  cells  and  an  arc 
lamp  invented  by  Mr.  Hind),  you  have  the  same  effects  produced, 
but  more  visibly.  On  establishing  the  arc  you  get  a  loud  click, — 
a  terrific  click,  in  fact, — ^and  then  the  buzzing  sound,  which,  how- 
ever, in  this  case,  may  more  fitly  be  described  as  roaring.  On 
pressing  the  points  hard  together,  you  get  silence.  Whenever 
there  is  a  small  arc  the  lamp  acts  as  a  microphone  of  great  power ; 
but  (although  it  is  reported  that  other  observers  have  done  so)  I 
was  not  able  to  get  a  wide  arc  with  the  carbons  well  apart  to  act 
as  a  microphone.  This  was  not  altogether  due  to  the  roaring  of 
the  discharge  smothering  the  other  sound,  for  sometimes  when 
the  lamp  burned  steadily  the  roaring  fell  off.  In  fact,  the  roaring 
was  only  violent  when  the  lamp  flickered  and  the  arc  played 
about ;  and  I  have  come  to  the  conclusion  that  the  rattling  and 
buzzing  in  a  badly  adjusted  microphone  is  owing  to  a  change  in  the 
discharge,  due  to  breaking  away  of  the  points  and  a  shifting  of  its 
ground  on  the  part  of  the  discharge.  Carbon  microphones  are 
peculiarly  liable  to  this  defect,  and  hence  it  is,  I  think,  that  the 
platinum  contact  in  the  Blake  transmitter  is  advantageous  by 
directing  the  discharge,  as  it  were,  and  keeping  it  in  position. 

In  brief,  I  found  with  the  arc  lamp  that  it  became  a  micro- 
phone when  there  was  a  small  arc  between  the  points,  and  the  points 
were  free  to  vibrate  on  each  other.  When  the  arc  was  wide  and  the 
points  visibly  separated,  I  got  no  effect,  although  on  sensibly  hitting 
one  of  them  so  as  to  change  the  width  of  the  arc  materially,  the 
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kick  was  accompanied  by .  a  single  sound  in  the  telephone.  Bdt 
it  was  not  a  true  microphonic  sonnd,  and  had  no  vibrant  quality. 
On  the  other  hand,  when  the  points  appeared  to  touch,  but  had  a 
small  arc  passing  between  them,  they  were  sensitive  to  the 
lightest  touch,  and  became  a  true  microphone.  It  did  not  matter 
though  portions  of  the  red  hot  points  actually  touched,  provided 
there  was  something  of  an  arc  passing  between  the  other  portions. 
The  arc  evidently  took  the  place  of  the  gentler  air  discharge  in 
the  ordinary  microphone,  and  was  a  more  intense  form  of  it. 

Thus  &r,  then,  the  requirements  of  the  microphonic  state 
appear  to  be  two  conducting  points  vibrating  in  close  proximity, 
and  perhaps  even  touching  at  intervals,  with  an  electric  discharge 
between  them.  But  other  elements  enter  into  the  problem — 
attraction  or  repulsion  of  the  points  due  to  the  electricity.  The 
receiving  microphone  might  act  with  either  attraction  or  repulsion 


Fig.  1. 

added ;  and  no  doubt  there  is  a  static  attraction  of  the  points  at 
least  before  the  discharge  takes  place  between  them,  owing  to 
their  difiFerence  of  potentials.  This  attraction,  as  I  have  observed 
in  the  paper  read  on  March  8th,  may  have  something  to  do  with 
the  sticking  of  contacts  investigated  by  Mr.  Stroh.  But  I  think 
the  evidence  is  in  favour  of  repulsion  as  an  important  element  in 
the  action  of  the  microphone.  Mr.  Stroh's  experiment  with  i\xe 
beam  of  light  reflected  from  the  loose  contact  of  a  carbon  micros 
phone  exhibits  this  repulsion  to  the  eye,  and  it  may  also  be  seen 
by  lightly  suspending  two  pencUs  of  Lin,  AB,  point  to  point, 
as  shown  in  Fig.  1,  and  sending  a  current  through  them.  As  soon 
as  the  spark  passes,  the  points  are  driven  apart,  and  as  they  swing 
back  again  they  are  repelled  again,  and  in  this  way  a  rapid  vibra- 
tion of  the  points  is  set  up,  which  operates  as  a  make-and-break. 
The  repulsion  is  obviously  due  to  the  visible  spark;  and  when 
this  is  reduced  to  something  scarcely  visible,  the  points  are  Istill 
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«een  by  the  aid  of  a  magnifying  glass  to  be  vibrating  very  rapidly. 
It  seems  fair  to  conclnde,  then,  that  this  repulsion  due  to  the 
discharge  is  active  in  the  microphone. 

Mr.  Stroh  has  also  seen  the  carbon  points  of  a  microphone  in 
action  vibrating  xmdet  the  lens.  I  have  examined  metal  points 
with  a  glass,  but  &iled  to  notice  the  vibration,  which  in  the  case  of 
metals  must  be|8omething  very  small.  I  have,  however,  clogged  both 
gauze  and  grain  transmitters  with  viscous  liquids,  such  as  glycerine 
and  vaseline,  and  in  these  cases  the  action  of  the  instrument  was 
very  much  impaired,  and  the  sounds  very  imperfectly  transmitted, 
or  not  at  all.  Vibration  of  the  points  may  also  be  admitted  in 
evidence,  I  think. 

We  have,  then,  two  conductive  points  vibrating  in  close 
proximity  under  the  action  of  the  sound-waves,  either  by  direct 
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impact  of  the  waves,  or  by  transmission  through  solid  supports. 
The  discharge  taking  place  between  them  exerts  a  repulsive 
action  tending  to  separate  them  with  a  force  in  some  way  propor- 
tional to  the  strength  of  the  discharge,  and  as  they  vibrate  they 
approach  and  recede,  thus  varying  the  strength  of  discharge  by 
varying  the  distance  between  them.  The  repulsion  acts  as  a 
<»unter  spring,  resisting  approach  with  a  force  which  appears  to 
increase  the  nearer  they  come  together,  and  to  diminish  as  they 
move  apart  and  the  strength  of  the  discharge  becomes  weaker. 
This  repulsive  force  accounts  for  the  pressure  applied  to  micro- 
phonic contacts.  If  that  pressure  be  too  light,  the  points  tend  to 
swing  too  fiur  apart,  and  weaken  or  break  the  circuit. 

In  experimenting  with  a  wire  gauze  transmitter  of  the  kind 
^hich  has  been  called  the  **  lyre  tel^hone,"  and  consisting  of  one 
movable  plate  of  wire  gauze  (gr.  Fig.  2)  leaning  on  another  fixed 
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plate,  (7,  under  slight  pressure  due  to  its  weight, -I  always  find 
that,  on  bringing  up  the  pole  of  a  magnet,  M,  in  fiK)nt  of  the 
movable  gauze,  I  can  increase  the  ticking  of  a  watch  transp- 
mitted  by  it.  The  increase  is  gradual  as  the  pole  approaches,  and 
the  sound  becomes  very  loud  just  before  rupture  of  the  circuit  by 
the  movable  gauze  leaving  the  other.  If  done  carefully,  the  click 
heard  on  breaking  the  circuit  can  be  repeated  by  withdrawing 
the  pole  a  little,  and  allowing  the  circuit  to  be  restored  by  the 
discharge  leaping  between  the  points,  which  move  together  again. 
Sometimes  the  discharge  can  be  broken  so  gently  in  this  way,  that 
the  final  click  is  barely  audible.  On  the  other  hand,  if  the  pole 
be  brought  up  on  the  other  side  at  M',  the  gauzes  are  pulled 
together,  and  the  sound  of  the  clicking  dies  off.  It  would  seem, 
then,  that  the  lighter  the  pressure  in  the  case  of  metals  the  better. 
It  allows  the  repulsive  force  to  act,  and  the  points  fireedom  to 
vibrate  within  the  range  of  the  discharge.  The  approach  and 
recession  of  a  magnet  in  this  way  makes  an  adjustment  to  the 
gauze  transmitter  £Eur  more  delicate  and  gradual  than  any 
mechanical  device. 

The  action  of  the  microphone,  if  the  above  view  is  correct, 
depends  upon  three  conditions — (1)  a  discharge  through  a  fluid  of 
low  conducting  power  between  two  conducting  points;  (2)  the 
sonorous  vibrations  of  the  points  within  the  range  of  the  discharge; 
(3)  the  repulsion  exerted  on  the  points  by  the  discharge.  Whether 
the  points  actually  touch  as  they  vibrate,  or  barely  touch,  is 
perhaps  immaterial  to  the  general  action.  The  extent  of  surface 
contact  does  not  seem  to  be  an  essential  either,  though  doubtless 
it  has  a  modifying  influence  on  the  strength  of  discharge,  just 
as  actual  contact  would  have.  In  any  case,  the  fluid  stratum 
must  be  of  very  small  thickness. 

The  cause  of  this  repulsion  is  another  problem.  It  may  be 
due  to  heat  swelling  the  points  of  contact ;  but,  though  heat  is 
certainly  produced  in  the  action  of  the  microphone,  it  jseems 
rather  to  be  an  incidental  product  than  an  essential  in  the  action. 
Bed  hot  carbon  or  metal  points  act  as  a  microphone.  It  is  difficult 
to  understand  how  the  temperature  of  the  points  can  vary  so 
rapidly  as  the  microphone  requires.    The  repulsion  appears  to  be 


IS88.]  DISOUBBION.  288 

due  rather  to  some  property  of  the  discharge  itself.  This  may  be 
what  Professor  Ayrton  called  "  electro-dynamic  repulsion,"  in  his 
remarks  on  this  subject  at  the  meeting  on  March  8th,  or  it  may 
be  due  to  expansion  of  the  medium  between  the  points.  But 
through  the  kindness  of  Dr.  Emmens,  who  lent  me  a  mercury 
pump,  I  have  here  a  ^^  vacuimi-microphone,''  consisting  of  a  gauze 
transmitter  mounted  on  platinum  wires  within  an  exhausted  glass 
bulb,  and  mounted  on  a  wooden  stand.  It  is  remarkably  sensitive, 
and  the  sounds  are  peculiarly  clear  and  metallic.  The  vacuum  in 
this  case  is  about  that  of  an  incandescent*  lamp,  and  therefore 
high.  Nevertheless,  the  instrument  acts  very  well,  and  has  the 
advantage  of  preventing  the  gauze  from  rusting,  and  adjustment 
can  be  made  by  a  magnet  external  to  the  bulb.  The  vacuum,  or 
partial  vacuum,  still  conveys  the  discharge,  as  the  click  can  be 
heard  on  breaking  circuit.  It  would  appear,  therefore,  that  the 
repulsion  is  not  due  to  an  expansion,  but  to  some  phenomenon  of 
discharge  not  well  understood. 

Mr.  J.  J.  Fahie  :  It  seems  to  be  generally  agreed  that  the 
active  surfaces  of  the  microphone,  in  its  most  delicate  state  of 
adjustment,  are  not  in  actual  contact — that  there  is  an  intervening 
sir  space  across  which  the  current  is  conveyed,  but  in  what 
manner  we  cannot  say  at  present.  Conceding  this  point,  it  seems 
to  me  that  many  of  Mr.  Bidwell's  experiments  might  be  explained 
on  the  principles  of  static  induction.  Turning  to  Mr.  Bidwell's 
paper,  he  says,  in  reference  to  Table  IV. :  "  In  Table  IV.  are 
given  the  results  obtained  with  constant  currents  of  *1  and  *001 
ampere,  the  pressure  at  the  point  of  contact  increasing  from  *05 
gramme  to  25  grammes,  all  of  them  representing  the  mean  of 
several  series  of  measurements.  It  will  be  seen  that  with  small 
pressures  the  resistance  is  largely  dependent  on  the  strength  of 
the  current,  but  when  the  pressure  is  considerable  the  resistance 
with  weak  and  strong  currents  is  nearly  the  same." 

I  would  explain  this  peculiarity  somewhat  as  follows : — ^In- 
duction precedes  conduction.  Static  charges  are  collected  on  the 
opposing  surfaces  of  the  carbons.  These  charges  are  proportional 
to  the  E.M.F.,  and,  according  as  they  are  great  or  small,  the 
attractive  effect  will  be  great  or  small:   the  carbons  will  be 
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pressed  together  with  more  or  less  force,  and  the  result  will  be 
that  more  or  less  points  of  contact  are  established  (remembering 
that  carbon  is  compressible),  and,  consequently,  that  the  resistance 
will  diminish  or  increase  with  an  increase  or  diminution  of  the 
E.M.F.  Now,  the  inductive  charges  from  y^^  of  an  ampere 
are  small,  consequently  the  force  with  which  the  carbons  are 
attracted,  in  order  that  the  charges  may  combine,  is  also  small : 
only  a  few  points  of  contact  are  established,  and  the  resistance  as 
measured  by  the  galvanometer  is  great.  But,  with  an  E.M.F.  of 
^  of  an  amp^e,  all  the  effects  are  intensified  100  times :  many 
more  points  of  carbon  are  brought  into  contact,  and  the  resistance 
diminishes  in  a  corresponding  degree.  This  is  what  happens 
when  the  pressure  is  small,  or  ^  of  ^  gramme. 

When  the  pressure  is  great,  or  25  grammes,  the  effect  is  less 
one  of  action  at  a  distance^  or  of  make-and-break  contact,  and 
resembles  more  nearly  ordinary  conduction ;  hence,  as  shown  by 
Table  IV.,  the  resistances  ought  to  be  nearly  the  same  with  the 
two  E.M.F.'s. 

By  applying  this  reasoning  to  Tables  V.,  VI.,  and  VII.  of  Mr. 
Bidwell's  paper,  the  observations  therein  recorded  will,  I  think,  be 
quite  intelligible.  Beferring  to  Table  VII.,  Mr.  Bidwell  says :  ^^  It 
will  be  noticed  that  the  final  resistance  is  almost  invariably  slightly 
higher  than  the  original  resistance,  but  this  increased  resistance 
gradually  diminished,  as  may  be  seen  by  comparing  the  last  figure 
of  one  line  with  the  first  of  the  next,  and  perhaps,  if  time  were 
given,  it  would  return  to  its  original  value.  There  is  little  doubt 
that  this  is  a  thermo-electric  effect." 

Mr.  Bidwell's  surmise  may  be  correct,  but  I  would  just  throw 
out  the  hint,  that  part  of  the  effect  may  be  due  to  the  rebound  of 
the  carbons  on  the  removal  of  the  pressure,  or,  to  some  alteration 
of  their  relative  positions  brought  about  in  the  act  of  removing 
the  pressure,  the  carbons  graduiJly  working  themselves  back  into 
positions  of  greatest  efficiency,  just  as  we  see  a  piece  of  clockwork 
do,  whose  bearings  have  been  shifted. 

Mr.  Bidwell's  experiments  on  the  effect  of  heat  on  the  resist* 
ance  of  carbon  contacts  are  very  valuable  from  my  point  of  view. 
I  am  not  surprised  that  he  found  they  did  not  bear  out  the 


1888.]  DISGUBSION.  28& 

assumption  that  the  heat  engendered  by  an  increased  E.M.F. 
should  reduce  the  resistance.  I  say  I  am  not  surprised,  for  I  am 
unable  to  appreciate  the  very  smaU  heating  effect  of  a  email 
fraction  of  a  Iieclanch^  cell  on  a  la/rge  surface  of  carbon.  Accord- 
ing to  my  view  of  microphonic  action,  the  resistance  with  a  great 
E.M.F.  is  reduced,  not  because  of  any  heating  effect  which  the 
current  may  have  on  the  carbons,  but  because  a  great  EJULF.  is 
able  to  charge  the  opposing  sur&ces  of  the  carbons  to  a  higher 
potential,  under  the  influence  of  which  they  approach  and  press 
tog^iher  more  points,  and  so  offer  more  roads  to  the  passage  of 
the  current,  thereby  reducing  the  total  resistance.  Indeed,  Mr. 
Bidwell  himself  seenui  to  refer  to  some  such  view,  when  he  says  a 
little  further  on  in  his  paper :  ^  The  reduction  apparently  produced 
by  current  in  the  resistance  of  the  contacts  is  probably  quite 
unconnected  with  its  heating  effect,  and  may  be  due  in  part  to 
increased  electro-motive  force." 

In  summing  up  his  experiments  on  this  point,  Mr.  Bidwell 
says:  ^^So  fiEur  as  they  are  worth  anything,  they  tend  to  show 
that  the  resistance  of  a  carbon  contact  is  increased,  instead  of 
being  diminished,  by  heat.  This  may  possibly  be  due  to  the 
formation  of  a  non-conducting  film  by  air  or  gases  which  the  heat 
expels  from  the  carbon." 

Now,  on  my  assumption,  a  very  different  explanation,  and,  to 
my  mind,  a  very  sufficient  one,  offers  itself.  Heat  rarifies  the  air 
stratum  which  I  suppose  to  separate  the  carbons;  and  rarifi:ed 
(or  hot)  air,  as  we  all  know,  has  a  lower  inductive  capacity  than 
ordinary  (or  cold)  air;  therefore  the  inductive  charges  on  the 
carbons,  and  all  that  follows  from  them,  will  b6  less  in  proportion 
as  the  temperature  rises,  the  result  being  an  increased  resistance. 
•  The  peculiar  buzzing  sounds  which  are  sometimes  heard  in 
the  microphone  recall  an  old  experiment  of  mine  which  seems  to 
bear  on  this  point,  and  which  led  me  to  take  the  view  I  do  of 
microphonic  action.  I  took  an  ordinary  Morse  local  circuit,  con- 
sisting of  four  low-resistance  Daniell  cells,  the  electro-magnet  of 
the  printing  instnmient,  of  about  six  ohms,  and  the  relay, — a 
Siemens'  polarised  one.  I  first  regulated  the  stops,  so  as  to  make 
the  play  of  the  tongue  as  small  as  possible,  then  I  adjusted  the 
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position  of  the  tongae  itself  with  respect  to  the  poles  of  the  relay, 
until  I  produced  what  is  fieaniliarly  known  as  a  ^^  chattering  of  the 
relay.** 

Now,  I  take  this  chattering  to  have  been  produced  in  the 
same  way  as  the  buzzing  in  the  microphone.  It  was  the  sound 
given  out  by  the  tongue  in  making  and  breaking  the  local  circuit. 
The  make-and-break  effect  I  imagine  to  have  been  produced  as 
follows: — The  attractive  force  of  the  static  charges  accumulated 
on  the  battery  contact-stop,  and  the  opposing  side  of  the  tongue 
was  just  sufficient  to  overcome  the  inertia  of  the  tongue  and  the 
very  slight  bias  which  it  had  to  rest  against  the  insulated  stop : 
the  tongue  consequently  moved,  the  static  charges  combined,  and, 
there  being  now  no  longer  any  attraction,  the  tongue  returned  to 
its  first  position,  only  to  be  again  attracted,  and  so  on.  Here  the 
effect  was  probably  heightened  by  the  currents  induced  in  the 
coils  of  the  electro-magnet,  whose  armature,  I  may  remark  en 
pdsaarUf  was  only  spasmodically,  and  often  not  at  all,  affected. 
Such  I  conceive  to  be  the  action  of  the  microphone  under  the 
influence  of  a  current :  the  carbons  are  first  pressed  closer  together 
by  the  attractive  force  of  the  static  charges,  the  charges  combine, 
the  attraction  ceases,  and  the  elasticity  of  the  carbons  makes 
them  again  separate,  only  to  be  again  attracted,  and  so  on.  The 
currents  induced  in  the  coils  of  the  telephone  probably  complicate 
the  result,  and  may  be  the  cause  of  the  sparks  which  Mr.  Stroh 
saw  under  the  microscope. 

Mr.  W.  M.  MoRDEY  related  several  experiments  he  had  made 
with  the  view  of  ascertaining  the  variation  of  resistance  from  the 
passage  of  strong  currents  through  masses  of  metallic  particles  in 
a  state  of  ^^  loose  contact."  He  took  a  spherical  vessel  about  nine 
inches  in  diameter,  which  he  filled  with  very  fine  iron  filings.  At 
opposite  sides  of  the  vessel  two  circular  copper  plates,  one  inch  in 
diameter,  were  fixed,  and  provided  outside  with  binding-screws. 
The  resistance  of  the  arrangement  was  very  high  indeed,  but  very 
variable,  and  liable  to  considerable  fluctuation  by  a  mere  tap  or 
shake.  Its  resistance  was  about  40,000  ohms.  The  arrangement 
was  switched  into  the  circuit  of  a  series  dynamo  machine,  which 
had  an  electro-motive  force  of  about  2,000  volts.    The  intensity 
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of  the  arc  lamps,  also  in  circuit,  immediately  fell,  but  only  for  an 
instant.  The  electro-motive  force  at  the  terminals  showed  a  very 
high  deflection — ^in  fact,  too  high  for  the  met^r.  A  reading  taken 
half  a  minute  later  showed  an  electro-motive  force  of  500  volts, 
with  a  current  of  nearly  10  amperes, — several  of  the  lamps  having 
been  switched  out  of  circuit, — the  resistance  was  therefore  about 
50  ohms.  The  current  was  kept  on,  and  in  about  five  minutes 
the  resistance  had  £Eillen  to  23  ohms.  After  a  few  hours  had 
elapsed,  so  as  to  allow  the  filings  to  cool,  the  resistance  was  found 
to  have  gone  up  again  to  about  36,000  ohms — still  high,  but  not 
quite  80  high  as  at  first.  The  experiments  were  then  repeated 
with  a  dynamo  having  an  electro-motive  force  of  about  800  volts, 
but  it  was  found  that  the  resistance  was  too  high  to  allow  of  the 
machine  ^^  working  up  "  through  it.  Further  experiments  were 
made  with  an  arrangement  consisting  of  a  wooden  trough  an 
inch  deep  and  two  inches  wide,  filled  with  very  fine  filings,  as 
before,  and  haying  a  copper  plate  of  two  square  inches  at  each 
end.  Six  cubic  inches  of  these  filings  had  a  resistance  of  109 
ohms,  and  was,  as  in  the  previous  case,  liable  to  considerable 
alteration  by  tap  or  vibration.  When  placed  in  the  circuit  of  a 
series  dynamo  machine  having  an  electro-motive  force  of  500 
volts,  and  giving  under  ordinary  circumstances  a  current  of  about 
5  ampdres,  the  lamps  in  circuit  went  dull  for  an  instant,  but 
immediately  recovered,  and  the  difference  of  potential  proved  to 
be  96  volts,  the  current  5*03  ampdres,  and  the  resistance  therefore 
19"08  ohms.  In  one  minute  the  conditions  were — electro-motive 
force,  45-6;  current,  5-1;  resistance,  9*06.  Although  the  passage 
of  such  currents  as  the  above  through  these  arrangements  reduced 
their  resistance  very  rapidly,  it  was  generally  necessary  to  employ 
a  very  high  electro-motive  force  to  start  the  reduction. 

The  efiect  seemed  to  be  due  simply  to  the  expansion  of  the 
filings  by  heat,  produciug  better  contact,  and  therefore  lower 
resistance.  The  rise  in  the  actual  resistance  of  the  metal  from 
the  same  cause  was  quite  insignificant  in  comparison,  and  was 
much  more  than  counterbalanced  by  the  greater  intimacy  of 
contact.  Perhaps  these  experiments  throw  a  little  light  on  the 
fidl  of  the  resistance  of  carbon  on  heating. 
VOL.  xn.  17 
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The  President:  When  the  microphone  ¥raw  first  brought  to 
the  notice  of  this  Society,  I  ventured  an  opinion  that  its  action 
was  simply  due  to  ^^  loose  contact " — that  fruitful  source  of  trouble 
and  expense  to  the  practical  electrician — and  at  the  present  time 
I  still  adhere  to  my  first  impression. 

In  the  early  days  of  telegraphy  it  was  considered,  when  testing 
insulated  wires,  that  quite  sufficient  connection  was  made  between 
the  "  lead "  wire  from  the  galvanometer  and  the  wire  under  test 
if  they  were  simply  hooked  together.  Improved  apparatus  soon 
showed  that  such  contacts  were  most  unreliable,  and  then  binding- 
screws  were  adopted ;  but  now,  when  great  accuracy  is  desired, — ^for 
instance,  when  testing  long  lengths  of  submarine  cable, — then 
soldered  connections  are  used. 

Many  years  ago  a  dispute  existed  with  regard  to  the  electrical 
condition  of  a  length  of  submarine  cable.  It  had  been  tested  and 
pronounced  faulty.  I  then  tested  it  and  pronounced  it  perfect, 
but  when  it  was  afterwards  tested  in  my  presence  there  were 
certaiiily  indications  of  something  wrong.        • 

No  doubt  you  all  know  how  a  Submarine  cable  is  tested ;  many 
of  you  here  I  know  do.  One  pole  of  a  battery  is  put  to  "  earth  " 
and  the  other  pole  connected  to  one  terminal  of  a  mirror  reflecting 
galvanometer,  the  other  terminal  being  connected  to  the  coil  ta 
be  tested,  which  is  usually  placed  in  a  tank  of  water.  In  a  few 
seconds  the  cable  becomes  charged  to  nearly  the  same  potential 
as  the  battery,  the  difierence  of  potential  being  indicated  by  the 
deflection  on  the  galvanometer.  With  a  perfect  cable  the  deflec- 
tion should  very  steadily  decrease  during  the  test,  any  sudden 
throw  or  kick  on  the  galvanometer  indicating  that  something  was 
wrong — that  either  the  battery  or  cable  potential  had  suddenly 
fallen.  Now  this  is  what  took  place  with  the  cable  under  dispute. 
The  batteries  were  changed,  and  the  "  lead  "  wires  changed,  but 
still  at  times  the  throws  occurred.  At  last  it  was  found  that  the 
"  earth  "  wire  was  fastened  by  a  nut  to  the  side  of  the  iron  tank, 
and  that  the  nut  had  become  in  course  of  time  slightly  loosened, 
so  that  every  time  a  puff  of  wind  acted  upon  the  side  of  the  tank, 
or  the  water  was  agitated,  then  the  kicks  commenced. 

We  had  here,  without  knowing  it,  a  microphone  ;  and  it  was 
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fortimate  that  th6  cause  of  the  *^  kicks  "  was  found,  or  the  Society 
might  have  had  a  paper  showing  how  the  wind,  or  slight  agitation 
of  the  water,  affected  the  testing  of  submarine  cables. 

In  investigating  the  action  of  the  microphone,  it  should  be 
kept  in  mind  that  with  clean  contacts  and  high  battery  power  the 
resistance  will  always  decrease ;  but  with  loose  and  dirty  surfaces 
the  resistance  will  increase  with  the  battery  power ;  and  if  the 
surfaces  are  firmly  fixed  together  by  pressurie  then  it  matters  not 
whether  you  use  one  cell  or  a  thousand,  for  the  resistance  will 
remain  the  same. 

Mr.  Shelford  Bidwell,  in  reply,  said:  The  remarks  that 
have  been  made  in  reference  to  my  paper  were  mostly  directed 
to  the  theory  of  the  subject,  and  I  have  not  much  to  say  in 
reply  to  them.  The  paper,  indeed,  consists  of  little  more  than  a 
mere  statement  of  facts,  of  which  for  the  most  part  I  offer  no 
explanation.  Professor  Silvanus  Thompson,  in  his  observations, 
said  that  bismuth  was  the  least  suitable  metal  for  making  a 
metallic  microphone,  and  in  that  I  have  no  reason  whatever  to 
disagree  with  him;  but  my  experiments  with  metals  were  not 
made  with  a  view  to  the  construction  of  the  best  possible  metallic 
tucrophone — ^their  object  was  rather  to  determine  the  physical 
causes  of  the  generally-admitted  superiority  of  carbon  over  metals 
for  microphonic  effects,  and  these  causes  would  presumably  be 
most  evident  in  the  case  of  metals  which  made  the  worst  micro- 
phones. For  this  reason  alone,  therefore,  I  should  have  considered 
bismuth  to  be  the  very  metal  which  ought  to  be  selected  for  the 
experiments.  One  thought  occurs  to  me  in  reference  to  Professor 
Ayrton's  ingenious  explanation  of  the  phenomenon  of  sudden  high 
resistance.  He  supposes,  in  effect,  that  it  is  caused  by  repulsion 
due  to  a  rapidly  intermittent  current  which  continues  so  long  as 
the  circuit  is  closed  or  is  attempted  to  be  closed.  If  this  is  so, 
there  can  be  no  doubt  that  sounds  would  be  produced  in  the 
telephone  in  circuit ;  but  that  is  not  the  case — no  sound  whatever 
is  heard.  I  wish  I  could  have  selected  another  title  for  the  paper 
which  would  not  involve  some  kind  of  theory.  Of  course,  the 
name  suggested  by  Professor  Ayrton,  "  Microphonic  Separations,'* 
would  involve  theory  quite  as  much  as  "  Microphonic  Contacts." 
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The  PBESiDEifT :  Oeotlemen, — I  think  joa  will  all  E^ree  vith 
me  that  ve  should  give  Mr.  Shelford  Bidwell  a  heart;  vote  of 
thanks  for  bis  iuetmctive  and  interesting  paper. 

The  vote  was  heartily  carried. 

The  following  paper  was  then  read : — 


PROFESSOR  BLYTH'S  SOLENOID  GALVANOMETER^ 

OR  AMPfeRE-METER. 
By  Prof.  A.  Jamiesoi 
ColUft  d  Bcitnet  aid 


Fio.  1.  Fra.  B. 

The  instrument  which  I  have  the  honour  to  introduce  to  you 
this  evening  has  been  invented  by  Professor  Blyth  of  Anderson's 
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College,  Glasgow.    It  is  called  a  Solenoid  Galvanometer,  and  is 

used  for  measuring  the  strong  currents  employed  for  electric 

lighting  and  the  transmission  of  power.    Its  construction  and 

action  are  very  simple  indeed,  as  will  be  seen  by  referring  to 

Figs.  1  and  2  and  the  following  index  of  parts  :— 

When  T  -f  and  T  —  represent  the  •»-  and  —  terminals  to  which  wires 

from  the  battery  or  dynamo  are 
attached.  The  current  passes  from 
T  +  to  T  -  through 

SO  M        Solenoid  coil,  composed  of  some  three 

or  four  turns  of  insulated  copper 
wire.  No.  8  B.W.G.,  and  -  O07  ohm 
resistance 

10  „        Iron  core,  made  of  best  soft  iron,  in 

the  form  of  a  thin  tube.  When  the 
current  passes,  I  0  is  sucked  down 
inside  8  0,  proportionally  to  the 
current  strength  against  the  re- 
sistance offered  l^ 

S  8  ff        Spiral  spring,  which  is  attached  to  I C 

by  loop  Zi ,  and  at  top  by  2a  to 

AN  „         Adjusting  screw  for  adjusting  the  zero 

of  instrument,  as  marked  on  core  1 0. 

B  and  P  „         Back  and  pinion  fixed  to 

B  T  M         Brass  tube,  which  slides  freely  inside 

an  outer  brass  tube. 

y  „         A  vernier  fixed  to  B  T,  and  which  by 

its  position  indicates  on 

B  ,»         A  finely-divided  scale  (fixed  to  the 

outer  I  brass  tube),  the  current 
strength  or  number  of  amperes 
flowing  through  the  solenoid  coil, 
SO. 

M   '  „         Mirror,  by  looking  down  upon  which 

the  zero  mark  on  1 0  (which  is  to 
be  seen  owing  to  a  hole  and  pointer 
in  the  outer  brass  tube),  as  well  as 
the  position  of  the  yemier  on  the 
divided  scale,  are  simultaneously 
observed  and  parallax  avoided. 

L  ff         A  spirit  leveL 

L  S  „         Three  levelling  screws. 

How  to  take  a  Test  with  this  iTistru/ment. 
1st.  Level  it  by  means  of  the  three  screws,  L  S. 
2nd.  Free  the  core  I C  by  releasing  three  set  screws  not  shown. 
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and  observe  if  its  zero  mark  agrees  with  zero  pointer  on  outer  brass 
tube,  at  the  same  time  that  zero  of  veriner,  V,  agrees  with  the 
zero  of  scale.    If  not,  adjust  first  by  A  N,  and  second  by  B  and  P* 

3pd.  Attach  leading  wires  to  terminals  T+  and  T— . 

4th.  Switch  on  current  (when  the  .iron  or  solenoid  core,  I  C, 
will  be  sucked  down  inside  I  G). 

5th.  Baise  I  C  by  B  and  P  until  zero  mark  on  I  C  is  again 
opposite  zero  pointer  on  brass  tube. 

6th.  Bead  now  the  position  of  vernier,  V,  on  scale  S,  and  refer 
to  the  table  attached  to  instrument  for  the  corresponding  ampdres* 

AdvaTdagea  of  this  InstrumeTU. 

1.  It  is  a  zero  instrument. 

2.  It  is  unaffected  by  the  earth's  magnetism,  or  local  magnets 
and  masses  of  iron. 

S.  It  is  in  no  way  dependent  upon  so-called  permanent 
magnets. 

4.  It  is  not  practically  affected  by  temperature. 

5.  It  can  be  roughly  handled  when  once  clamped  for  carryings 
without  any  fear  of  damage  to  its  parts. 

6.  Its  range  and  sensibility  are  very  great.  The  instrument 
before  you  will  indicate  currents  from  0*1  to  24  amperes  (correct 
to  the  ^  of  an  ampdre),  and  some  are  to  be  made  with 
additional  coils,  so  as  to  indicate  from  0*1  to  25  amperes,  from  25 
to  50,  and  from  50  to  100,  without  change  of  spring  and  core,  by 
simply  turning  a  switch  and  bringing  one  or  more  coils  into 
circuit. 

Professor  Blyth  has  also  made  provision  for  constructing 
potential  as  well  as  energy  galvanometers  on  the  same  principle. 
The  instrument  before  you  was  graduated  throughout  (at  each  of 
the  200  millimetres  divisions,  representing  from  0  to  24 
amperes),  by  the  electrolysis  of  water.  This  method  is  very 
accurate  if  all  the  necessary  precautions  are  taken. 

Plan  of  Connections  Used  in  Graduating  Instrument. 
Where  B  represents  Battery  or  current  generator. 

K  „        Key  for  closing  circuit. . 

y  B  „        Variable  resiitance  coil  for  adjusting  the 

current  to  the  desired  strengih. 
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T  +  and  T  —  represents  +  and  —  terminals  of 

8  a  „         Solenoid  galvanometer. 

V  „        Volt*meter  placed  in 

Wi  T|  „        Water  tank,  kept  at  one  tempetatnn, 

F  „         Bent  pipe  tor  conducting  mixed  gMW  (Hj 

and  O)  over  to 
0  0  y  „         Cabic  centimetre  vesiel  (of.  sa;,  60  to  1,000 

cnbic  centimetres). 
TfiTi  „        Another  irater  tank,  kept  at  one  tempera- 

(i  fi  „        Centigrade  thermometera. 

B  B  „        Standard  barometer  (in  mUIimbtrM}. 


^The  mixed  gases  are  collected  by  displacement  in  (C  C  V)  a 
vessel  of  known  capacity.  The  time  to  fill  the  vessel  being  very 
carefully  noted  by  a  stop  watch,  the  temperature  observed,  as  well 
SB  the  barometer  in  millimetres,  we  have  at  once,  by  a  combination 
of  Qay  Lnssac's  and  Boyle's  laws, 

c  vxaraxP 

~  0-17e*  X  T  (W8  + 1)  x'W 
Vhtn  O         «  Onrrent  in  ampbrei. 

T  —  Tolnme  of  gaa  giTen  oS  in  0  0> . 

F         —  Height  of  barometer. 

T         —  Time  in  seconds. 

S  —  Temperatore  centigiode  of  gaa  evolved. 

0-I7M  —  Tolnme  is  cobio  oentimttrei  of  mixed  gu  (Hi.  and  O 

given  off  fer  Kcond  bj  I  ampin. 
^8  Constant  for  variation  of  volume  of  a  gaa  with  tempera- 

ture. 
700  StandarA  teiometrio  preanire.   ' 
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The  President  :  I  am  sure  the  best  thanks  of  the  Society  are 
due  to  Professor  Jamieson  for  bringing  this  instrument  before  us^ 
and  for  his  description  of  the  same. 

A  hearty  vote  of  thanks  was  unanimously  passed  to  Professor 
Jamieson  accordingly. 

The  following  paper,  read  by  Professor  Hughes  before  the 
Physical  Society,  in  1878  and  published  ift  the  Proceedings  of  thafc 
Society,  has  been  handed  by  him  to  the  Editing  Committee,  as 
bearing  very  closely  on  the  discussion  on  Mr.  Munro  and  Mr. 
Bidwell's  paper,  and  it  has  been  considered  therefore  desirable  to 
republish  it : — 

ON  THE  PHYSICAL  ACTION  OF  THE  MICKOPHONK 

By  Professor  Hughes. 

In  the  paper  read  on  the  9th  of  May  before  the  Royal  Society, 
I  gave  a  general  outline  of  the  discoveries  I  had  made,  the 
materials  used,  and  the  forms  of  microphone  employed  in 
demonstrating  important  points.  I  have  made  a  great  number  of 
microphones,  each  for  some  special  purpose,  varying  in  form, 
mechanical  arrangement,  and  materials.  It  would  require  too 
much  time  to  describe  even  a  few  of  them  ;  and,  as  I  am  anxious 
in  this  paper  to  confine  myself  to  general  considerations,  I  will 
take  it  for  granted  that  some  of  the  forms  of  instrument  and  the 
results  produced  are  already  known. 

The  problem  which  the  microphone  solves  is  this — to  intro* 
duce  into  an  electrical  circuit  an  electrical  resistance,  which 
resistance  shall  vary  in  exact  accord  with  sonorous  vibrations,  sa 
as  to  produce  an  undulatory  current  of  electricity  firom  a  constant 
source,  whose  wave-length,  height,  and  form  shall  be  an  exact 
representation  of  the  sonorous  waves.  In  the  microphone  we 
have  an  electric  conducting  material  susceptible  of  being  in- 
fluenced by  sonorous  vibrations,  and  thus  we  have  the  first  step 
of  the  problem. 

The  second  step  is  one  of  the  highest  importance:  it  is 
essential  that  the  electrical  current  flowing  be  thrown  into  waves 
of  determinate  form  by  the  sole  action  of  the  sonorous  vibrations* 
I  resolved  this  by  the  discovery  that  when  an  electric-conducting 
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matter  in  a  divided  state,  either  in  the  form  of  pqwder,  filings,  or 
4mr£Etces,  is  put  mider  a  certain  slight  pressure,  hx  less  than  that 
which  would  produce  cohesion,  and  more  than  would  allow  it  to  be 
separated  by  sonorous  vibrations,  the  following  state  of  things 
occurs : — The  molecules  at  these  sur&ces  being  in  a  comparatively 
free  state,  although  electricidly  joined,  do  of  themselves  so  arrange 
their  form,  their  number  in  contact,  or  their  pressure  (by  increased 
size  or  orbit  of  revolution),  that  the  increase  and  decrease  of 
electrical  resistance  of  the  circuit  is  altered  in  a  very  remarkable 
manner,  so  much  so  as  to  be  almost  &bulous« 

The  problem  being  solved,  it  is  only  necessary  to  observe 
eertain  general  considerations  to  produce  an  endless  variety  of 
microphones,  each  having  a  special  range  of  resistance. 

The  tramp  of  a  fly  or  the  cry  of  an  insect  requires  little  range, 
but  great  sensitiveness ;  and.  two  surfsices,  therefore,  of  chosen 
materials  under  a  very  slight  pressure,  such  as  the  mere  weight 
of  a  small  superposed  conductor,  suffice ;  but  it  would  be  unsuit- 
able for  a  man's  voice,  as  the  vibrations  would  be  too  powerful, 
and  would,  in  fact,  go  so  feur  beyond  the  legitimate  range,  that 
interruptions  of  contact,  amounting  to  the  well-known  ^^make 
and  break,"  would  be  prodcced. 

A  man's  voice  requires  four  surfaces  of  pine  charcoal,  as  is 
described  in  my  paper  to  the  Royal  Society,  six  of  willow  charcoal, 
eight  of  boxwood,  and  ten  of  gas  carbon.  The  effects,  however, 
are  &r  superior  with  the  four  of  pine  than  with  either  the  ten  of 
gas  carbon,  or  any  other  material  as  yet  used.  It  should  be  noted 
that  pine  wood  is  the  best  resonant  material  we  possess,  and  it 
preserves  its  structure  and  quality  when  converted  into  the 
peculiar  charcoal  I  have  discovered  and  described. 

It  is  not  only  necessary  to  vary  the  number  of  surfiek^es  and 
materials  in  accordance  with  the  range  and  power  of  the  vibrations, 
but  these  sm&ces  and  materials  must  be  put  under  more  or  less 
pressure,  in  accordance  with  the  force  of  the  sonorous  vibrations. 
Thus,  for  a  man's  voice  the  svorhces  must  be  under  a  far  greater 
pressure  than  for  the  movements  of  insects.  Still  the  range  of 
useful  effect  is  very  great,  as  the  boxes  which  I  have  specially 
arranged  for  man's  voice  are  still  sensitive  to  the  tick  of  a  watch. 
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In  ail  oases.it  sbonld  be  so  arranged  that  a  perfect  undnlatory 
cnrrent  is  obtained  &om  the  sonorous  vibrations  of  a  eertain 
range*  Thns,  when  speaking  to  a  niicrophone  transmitter  of 
human  speech,  a  galvanometer  should  be  placed  in  the  circuit, 
imd,  while  speaking,  the  needle  should  not  be  deflected,  as  the 
graves  of  +  and  —  electricity  are  equal,  and  are  too  rapid  to 
disturb  the  needle,  which  can  only  indicate  a  g^ieral  weakening 
or  strengthening  of  the  current.  If  the  pressure  <»i  the  materials 
is  not  sufficient,  we  shall  have  a  constant  succession  of  interrup- 
tions of  contact,  and  the  galvanometer  needle  wiU  indicate  the 
fa^cL  If  the  pressure  on  the  materiaJs  is  gradually  increased,  the 
tones  will  be  loud,  but  wanting  in  distinctness,  the  galvanometer 
indicating  interruptions.  As  the  pressure  is  still  increased,  the 
tone  becomes  clearer,  and  the  galvanometer  wiU  be  stationary 
when  a  TOAYiTTinTn  of  loudness  and  clearness  is  attained.  If  the 
pressure  be  further  increased,  the  sounds  become  weaker  though 
very  clear ;  and,  as  the  pressure  is  still  further  augmented,  the 
sounds  die  out,  as  if  the  speaker  were  talking  and  walking  away 
at  the  same  time,  until  a  point  is  arrived  at  where  there  is 
complete  silence. 

When  the  microphone  is  fixed  to  a  resonant  board,  the  lower 
contact  should  be  fixed  to  the  board,  so  that  the  sonorous  vibra- 
tions act  directly  on  it.  The  upper  contact,  where  the  pressure 
is  applied,  should  be  aa  free  as  possible  from  the  influence  of  the 
vibrations,  except  those  directly  transmitted  to  it  by  the  sur&oes 
undemeaUi :  it  (the.uj^r  su]&ce)^hould  have  ita  ixiertia  supple- 
mented by  that  of  a  balanced  weight.  This  inertia  I  find  necessary 
to  keep  the  contact  unbrc^en  by  powerful  vibrations.  No  spring 
can  supply  the  required  inertia;  but  an  adjustable  spring  may  be 
used  to  ensure  that  the  comparatively  heavy  lever  shall  duly  press 
on  the  contacts. 

The  siq>erposed  surfaces  in  contact  may  be  screwed  d<5wn  by 
an  insulated  screw  passing  through  them  all,  thus  doing  away 
with  the.  lever  and  spring;  but  this  arrangement  is  £Eir  more 
difficult  U>  zdjwt,  and  the  expansion  by  heat  of  the  screw  causes 
a  varying  pressure.  It  is  exceedingly  simple,  however,  easily 
made,  and  illustiates  the  tkeoretical  conditions  better  than  the 
balanced  lever  I  have  adopted  in  practice. 
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In  order  to  study  the  theoretical  considerations,  and  that  with 
the  most  simple  form  of  microphone  freed  from  all  surronnding 
mechanisms,  let  us  take  a  flat  piece  of  charcoal  2  millimetres  thick 
and  1  centimetre  square,  and,  after  making  electrical  contact  by 
means  of  a  copper  wire  on  the  lower  surface,  glue  that  to  a  small 
resonant  board,  or,  betteif  fojr  the  purpose  of  observation,  to  a  block 
of  wood  10  centimetres  square.  Upon  this  superpose  one  or  more 
similar  blocks  of  charcoal,  the  upper  surface  in  communication 
with  a  wire,  the  lowermost  sur&ce  resting  flat,  or  as  nearly  so  as 
possible,  on  the  lower  block. 

The  required  pressure  is  put  on  the  upper  block ;  and  while 
in  this  state  the  two  may  be  fastened  together  with  glue  at  the 
sides,  or,  better,  by  an  insulated  screw.  The  pressure  can  then 
be  removed,  as  the  screw  or  glue  equally  preserves  the  force. 


d 


Let  the  lower  piece  be  called  A  and  the  upper  B.  When  we 
subject  this  board  to  sonorous  vibrations,  we  cannot  imagine  an 
undulatory  movement  of  the  actual  wave-length  in  such  a  mass^r^ 
that  is,  a  length  comparable  with  the  real  wave-length  of  the 
sonorous  wave,  which  may  be  several  feet.  Nor  can  we  imagine 
a  wave  of  any  length  without  admitting  that  the  force  must  be 
transmitted  from  molecule  to  molecule  throughout  the  entire 
length :  thus  any  portion  of  a  wave,  of  which  this  block  represents 
a  fraction,  must  be  in  molecular  activity.  The  lower  portion  of 
the  charcoal  A,  being  part  of  the  block  itself,  has  this  molecular 
action  throughout,  transmitting  it  also  to  the  upper  block.  How 
is  it  that  the  molecular  action  at  the  surfoces  of  A  and  B  should 
so  vary  the  conductivity  or  electrical  resistance  as  to  throw  it  into 
waves  in  the  exact  form  of  the  sonorous  vibrations  ?  It  cannot 
be  because  it  throws  up  the  upper  portion,  making  an  intermittent 
current,  because  the  upper  portion  is  &stened  to  the  lower,  and 
the  galvanometer  does  not  indicate  any  interruption  of  current 
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whatever*    It  cannot  be  because  the  molecules  arrange  themselves 
in  stratified  lines,  becoming  more  or  less  conductive,  as  then 
surfEu^s  would  not  be  required — that  is,  we  should  not  require 
discontinuity  between  the  blocks  A  and  B ;  nor  would  the  upper 
sur£EU^  be  thrown  up  if  the  pressure  be  removed,  as  sand  is  on  a 
vibrating  glass*    The  throwing-up  of  this  upper  piece  B,  when 
pressure  is  removed,  proves  that  a  blow,  pressure,  or  upheaval  of 
•the  lower  portion  takes  place :  that  this  takes  place  there  cannot 
be  any  doubt,  as  the  surface,  considered  alone  (having  no  depth), 
could  not  bodily  quit  its  mass.    In  &ct,  there  must  have  been  a 
movement  to  a  certain  depth;  and  I  am  inclined  to  believe, 
from  numerous  experiments,  that  the  whole  block  increases  and 
•diminishes  in  size  at  all  points,  in  the  centre  as  well  as  the 
surface,  exactly  in  accordance  with  the  form  of  the  sonorous  wave. 
Confining  our  attention,  however,  to  points  on  A  and  B,  how  can 
this  increased  molecular  size  or  form  produce  a  change  in  the 
electrical  waves?     This  may  happen  in  two  ways — first,  by 
increased  pressure  on  the  upper  surface,  due  to  its  enlargement ; 
or,  second,  the  molecules  themselves,  finding  a  certain  resistance 
opposed  to  their  upward  movement,  spread  themselves,  making 
innumerable  fresh  points  of  contact.    Thus  an  undulatory  current 
would  appear  to  be  produced  by  infinite  change  in  the  number  of 
fr^sh  contacts.    I  am  inclined  to  believe  that  both  actions  occur : 
but  the  latter  seems  to  me  the  true  explanation ;  for  if  the  first 
were  alone  true,  we  should  have  a  fieur  greater  effect  from  metal 
•powder,  carbon,  or  some  elastic  conductor,  such  as  metallised  silk, 
than  from  gold  or  other  hard  unoxidisable  matter;  but  as  the 
best  results  as  regards  the  human  voice  were  obtained  from  two 
8ur£EUses  of  solid  gold,  I  am  inclined  to  view  with  more  &vour  the 
idea  that  an  infinite  variety  of  fresh  contacts  brought  into  play  by 
the  molecular  pressure  affords  the  true  explanation.    It  has  the 
advantage  of  being  supported  by  the  numerous  forms  of  micro- 
phone I  have  constructed,  in  all  of  which  I  can  fully  trace  the 
•effect. 

I  have  been  very  much  struck  by  the  great  mechanical  force 
•exerted  by  this  uprising  of  the  molecules  under  sonorous  vibra- 
ttions.    With  vibrations  from  a  musical  box  2  feet  in  length,  I 
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found  that  one  ounce  of  lead  was  not  sufficient  on  a  surface  of 
contact  1  centimetre  square  to  maintain  constant  contact;  and  it 
was  only  by  removing  the  musical  box  to  a  distance  of  several 
feet  that  I  was  enabled  to  preserve  continuity  of  current  with  a 
moderate  pressure*  I  have  spoken  to  forty  microphones  at  once, 
and  they  all  seemed  to  respond  with  equal  force*  Of  course  there 
must  be  a  loss  of  energy  in  the  conversion  of  molecular  vibrations^ 
into  electrical  waves,  but  it  is  so  small  that  I  have  never  been 
able  to  measure  it  with  the  simple  appliances  at  my  disposal.  I 
have  examined  every  portion  of  my  room — ^wood,  stone,  metal,  in 
fact  all  parts — and  even  a  piece  of  india-rubber:  all  were  in  mole- 
cular movement  whenever  I  spoke.  As  yet  I  have  found  no  such 
insulator  for  sound  as  gutta  percha  is  for  electricity.  Caoutchouc 
seems  to  be  the  best ;  but  I  have  never  been  able  by  the  use  of 
any  amount  at  my  disposal  to  prevent  the  microphone  reporting^ 
all  it  heard. 

The  question  of  insulation  has  now  become  one  of  necessity, 
as  the  microphone  has  opened  to  us  a  world  of  sounds,  of  the 
existence  of  which  we  were  unaware.  If  we  can  insulate  the 
instrument  so  as  to  direct  its  powers  on  any  single  object,  as: 
at  present  I  am  able  to  do  on  a  moving  fly,  it  will  be  possible  to* 
investigate  that  object  undisturbed  by  the  pandemonium  of 
sounds  which  at  present  the  microphone  reveals  where  we  thought 
complete  silence  prevailed. 

I  have  recently  made  the  following  curious  observation: — 
A  microphone  on  a  resonant  board  is  placed  in  a  battery-circuit 
together  with  two  telephones.  When  one  of  these  is  placed  oni 
the  resonant  board,  a  continuous  sound  will  emanate  firom  the 
other.  The  sound  is  started  by  the  vibration  which  is  imparted 
to  the  board  when  the  telephone  is  placed  on  it ;  this  impulse,, 
passing  through  the  microphone,  sets  both  telephone  discs  in 
motion ;  and  the  instrument  on  the  board,  reactiag  through  the 
microphone,  causes  a  continuous  sound  to  be  produced,  which  is 
permanent  so  long  as  the  independent  current  of  electricity  is- 
maintained  through  the  microphone.  It  follows  that  the  question 
of  providing  a  rday  for  the  human  voice  in  telephony  is  thua 
solved. 
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The  transmission  of  sound  throngh  the  microphone  is  perfectly 
duplex;  for  if  two  correspondents  use  microphones  as  transmitters 
and  telephones  as  receivers,  each  can  hear  the  other,  but  his  own 
speech  is  inaudible ;  and  if  each  sing  a  different  note,  no  cho^  is 
heard.  The  experiments  on  the  deaf  have  proved  that  they  can 
be  made  to  hear  the  tick  of  a  watch,  but  not,  as  yet,  human 
speech  distinctly ;  and  my  results  in  this  direction  point  to  the 
conclusion  that  we  only  hear  ourselves  speak  through  the  bones 
and  not  through  the  ears. 

However  simple  the  microphone  may  appear  at  first  glance,  it 
has  taken  me  many  months  of  unremitting  labour  and  study  to 
bring  to  its  present  state  through  the  numerous  forms,  each  suit- 
able for  a  special  object.  The  field  of  usefulness  for  it  widens 
every  day.  Sir  Henry  Thompson  has  succeeded  in  applying  it  to 
surgical  operations  of  great  delicacy ;  and  by  its  means  splinters, 
bullets,  in  &ct  all  foreign  matter,  can  be  at  once  detected.  Dr. 
Bichardson  and  myself  have  been  experimenting  in  lung  and 
heart  diseases;  and  although  the  application  by  Sir  H.  Thompson 
is  more  successful,  I  do  not  doubt  that  we  shall  ultimately  succeed. 
There  is  also  hope  that  deafness  may  be  relieved.  For  telephony 
articulation  has  become  perfect,  and  the  loudness  increased. 
Duplex  and  multiplex  telegraphy  will  profit  by  its  use;  and  there 
is  hardly  a  science  where  acoustics  has  any  direct  or  indirect 
relation  which  will  not  be  benefited.  And  I  feel  happy  in  being 
able  to  present  this  paper  on  the  results  obtained  by  a  purely 
physical  action  to  such  an  appropriate  and  appreciative  body  as 
the  Physical  Society. 

In  conclusion,  allow  me  to  state  that  throughout  the  whole  of 
my  investigations  I  have  used  Prof.  Bell's  wonderfully  sensitive 
telephone  instrument  as  a  receiver,  and-  that  it  is  owing  to  the 
discovery  of  so  admirable  an  appliance  that  I  have  been  enabled 
to  commence  and  follow  up  my  researches. 
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The  Secretary  then  read  the  following  paper  :— 


A  STATIC  INDUCTION  TELEPHONE. 

By  W,  Moon,  Associate. 

While  experimenting  with  Dr.,  Wright's  tinfoil  paper  telephone, 
I  noticed  that,  when  the  two  sheets  of  paper  were  charged  with 
high  tension  electricity,  they  were  attracted  and  clung  to  each 
other,  and  that  it  required  considerable  force  to  pull  them  apart. 
This  fact  suggested  to  me  the  construction  of  the  telephone  I 
have  the  honour  of  bringing  before  the  Society  to-night. 


a,  Exterior  sheet  of  tinfoil  paper. 

c.  Cylinder. 

d,  Diaphragm. 
«,  Spring. 

One  sheet  of  tinfoil  paper  is  fixed  to  a  cylinder,  with  the 
metal  surfeu^e  inside,  and  another  sheet  of  similar  paper  rests  on 
the  surface  of  the  thus  covered  cylinder,  with  its  metal 
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outwards,  and  is  attached  by  a  thin  cord  to  the  centre  of  a 
diaphragm,  so  that,  on  rotating  the  cylinder,  the  diaphragm  is 
palled  in  the  direction  of  rotation  of  the  cylinder  by  the  friction 
between  the  two  surfoces  of  paper* 

By  charging  the  two  sheets  of  paper  with  high  tension 
electricity  from  an  induction  coil,  the  friction  is  increased,  and 
the  diaphragm  drawn  in  at  each  vibration  of  a  rheotome,  so  that 
the  vibrations  of  the  rheotome  are  exactly  reproduced  in  the 
telephone;  and,  by  substituting  a  Seis  transmitter  in  the  primary 
circuit  in  place  of  the  rheotome,  the  pitch  of  each  musical  note  of 
the  transmitter  is  exactly  reproduced  in  the  telephone. 

The  loudness  of  the  telephone  is  proportional  to  the  sui&ces 
of  the  paper  in  contact,  ^^  or  to  the  capacity  in  farads,"  and  most 
probably  to  the  square  of  the  tension  of  the  charge*  It  is,  how- 
ever, necessary  that  the  power  of  the  induction  coil  used  should 
be  proportional  to  the  capacity  of  the  telephone,  as,  if  the  coil  is 
too  powerful,  sparking  takes  place  between  the  two  surfiEU^es  of  the 
paper.  With  the  larger  telephone  on  the  table,  I  find  that  a  coil 
of  ^  in.  spark  gives  the  best  result. 

Mr.  Kempe  has  improved  the  loudness  of  the  telephone  by 
pressing  the  two  sur&ces  together  by  a  spring,  and  also  by  using 
powdered  chalk  between  the  two  surfaces  of  the  paper. 

I  have  tried  many  different  forms  of  transmitters  that  Mr*^ 
Preece  has  kindly  supplied  me  with,  and  find  that  the  original 
form  of  Beis  transmitter  gives  the  best  result. 

A  unanimous  vote  of  thanks  was  passed  to  Mr.  Moon  for  hi& 
paper. 

The  President  :  The  meeting  will  now  adjourn  to  10th  May^ 
1883i,  when  a  paper  will  be  read  on  **  Electric  Motors,  and  their 
Government,"  by  Professors  W.  E.  Ayrton  and  J.  Perry. 

The  Members  proceeded  to  examine  the  various  apparatus  laid 
on  the  table  by  Mr.  J.  Munro,  Mr.  Moon,  and  Prof.  A.  Jamieson. 
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The  Meteorology  of  ThnndentonnB,  with  a  History  of  the  Effects  of 

Lightning  on  210  ships  of  the  British  Navy,  as  recorded  in  the  official 
Journals  of  the  respective  ships.    Svo.    18  pp.  lAmdon^  1844 

On  Damage  by  Lightning  in  the  British  Kavy.  Svo.  eSpp.  VScaMetX 

Magawine,-]  Lomd/m,  1848 

[Vide  Edinburgh  Beview.] 

On  the  relative  Oost  and  Efficiency  of  Permanent  and  Temporary 

Forms  of  Lightning  Conductors,  as  applicable  to  the  Defence  of  the 
Boyal  Navy  against  the  Destructive  Element  of  Lightning.  Svo. 
27  pp.  PlynwUh,  1850 

I  Bemarkable  Instances  of  the  Preservation  of  certain  Ships  of  the 
Boyal  Navy  from  Lightning.    Svo.    19  pp.  Plymoulh,  1850 

On  a  General  Law  of  Electrical  Dischaige.  Sva  21pp.  Plate.  [PM. 

Kay.,  May.]  -    London,  ISBS 

i  On  certain  Phenomena  of  Electrical  Discharge.  Svo.  6  pp.  [PM. 
Uag^  Aug.]  London^  1866 

I      On  some  Special  Laws  of  Electrical  Force.    Svo.    4  pp.    [FhiX.Mag^ 
Aug.]  London^  1867 

— —  Besearches  in  Statical  Electricity.  Svo.  27  pp.  Plate.  [PM. 
Mag,'\  London^  1807 

Hoarder  ^*  N.]  On  a  New  Form  of  Telegraph  Cable  intended  to  Beduoe 
the  Effects  of  Ldductive  Action.    8va    12  pp.    [PMl.  Kag^  May.] 

Lond4m,V&S^ 

Extract  from  Notes  on  Electrical  Conductivity.    Svo.    6  pp.    \PhU, 

Mag^  Jan.]  London^  18G0 

On  the  Atlantic  Cable.    Svo.    16  pp.    [Fha.  Mag.,  Jbh,^ 

London,  ISn 

Household  Words,  I>ec.  7, 1850.    Wings  of  Wire.    8m.  4to.    6  pp. 

London,  1860 

Hnnt  [Bobt.]  Thermography,  or  the  Art  of  Copying  Engravings  or  any 
printed  character  from  paper  on  Metal  Plates;  and  on  Uie  recent 
discovery  of  Moser  relative  to  the  Formation  of  Images  in  the  Dark. 
Svo.    10  pp.    [TrofU.  Boy.  Comwail  Polytoehnic  8oe,,  1842.    No.  1.1 

JPVamotti^  1843 

.^_  Electro-Magnetism  as  a  Motive  Power.  With  an  Abstract  of  the 
Discussion  upon  the  Paper.  Svo.  88  pp.  [Proe,  In$i.  Civ,  Bng, 
Vol.  XYL    Sess.  1856-57.]  Londan^lBSS 

■    Atlantic  Telegraphy.    IPcpular  Soienee  Bovimo.    Yol.  IV.] 

London,  IBBS 

India  Rubber,  Ontta  Percha,  and  Telegraiihs  Works  Oo.,  Ld.    Testi. 

monials.    The  Patent  Leclanch^  Battery.    Fo.    4  pp.  London, 

— — »    Directions  for  Charging  the  Patent  Leclanchd  Battery.    Svo.    1  p. 

London, 

JaooU  [M.  H.]  Sur  les  remarques  de  M.  Becquerel  relatives  k  ma  m^sure 
comparative  de  Taction  de  deux  couples  voltaiques,  Tun  cuivre-sinc, 
I'autre  platine-zinc.  Svo.  8  pp.  [Bwu^itfi  HoiMt^utf  public  par  T Acad. 
Imp.  des  Sciences  de  St.  Petersbourg.  T.  Vm.,  N  o,  17.  Lu  le  89  Jan  v., 
1841 .]  St  P€tor$howrg,  1841 
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*  JHCOUf  [H.  H.]    Electro-magnetic  Experimento,  forming  a  Beqa^  to  the 

Memoir  on  the  Application  of  Electro-Magnetism  to  the  muyement  of 
Machines.    8to.    19  pp.    [Taylor* s  Scientijic  Memovrt,  YoLIL    PartL] 

London. 

*  'ip>  Qalvanoplastik  ;  or,  the  process  of  cohering  copper  into  platei,  or 

other  given  forms,  hy  means  of  galvanic  action  on  copper  solutions. 

TransUtted  from  the  German  edition,  hy  Wm.  Sturgeon.    8vo.    d9  pp. 

,     Plates,  lfanc^MiM^;i841 

*  Jamin,  Bailly  et  Oie.    ^il^  Leclanch^.    4to.    8  pp.  PaHt, 

*  Joilld  l^^'  ^0    On  the  Heat  evolved  during  the  Electrolysis  of  Water. 

8vo.  21  pp.  [From  Yol.VII.,  Part  U.,  Second  Series  of  the  Litera/ry  omd 
PMloiophieai  Boc,  Manchester.]  Mcmehuter,  1848 

JounilL    [Vide  Galletti  et  Jounin.] 

*  Jnndzill  ^A  D.]    Du  t^l^graphe  des  locomotives  de  G.  BonellL  Syst^me 

destm^  a  pr^venir  les  collisions  sur  les  chemins  der  fer.    8vo.    16  pp. 

Paris,  1866 

* •  Sobell  [Prof « Yon.]  On  Galvanography,  or  the  art  of  producing  from  copper 
plates,  formed  by  galvanic  action,  impressions  from  designs  painted  in 
the  style  of  sepia  uetches.  8vo.  26  pp.  [American  Journal  of  8oi§nc$, 
Vol.  XLY III.   No.  2,  Jan.-Mar.,  1845.]    Translated  by  W.  G.  Lettsom. 

1845 

*  TuMnfag  [B.]    Electricity  Bevealed  to  the  Million.    A  Challenge,  in  a  Letter 

on  Electrical  Induction  addressed  to  H.B.H.  The  Prince  Consort,  Mar. 
6,  1858.    8vo.    7  pp.  Saywarda  Heath,  1858 

*  ■    I  A  Kew  View  of  Electrical  Action,  based  upon  the  assumption  that 

electricity  is  the  only  ponderable  element  in  nature,  and  alloted  to 
atoms  in  quantities  that  are  definite  and  indicated  relatively  by  their 
chemical  equivalents.  In. a  series  of  easy  arithmetical  essays.  8vo. 
25  pp.  London,  1858 

*  Lamont  [^O    On  the  most  Advantageous  Form  of  Magnets.    8vo.    8  pp. 

Plate.  [PhU  Mag.,  Nov.]  Translated  from  Poggendorff's  AnnaUn,  Vol. 
CXIII.,  pp.  289.249.  London,  1861 

*  Langley  [B.  P.]    A  Proposal  for  Begulatinff  the  Clocks  of  the  Pennsylvania 

Central  and  other  Bailroads  from  the  Alleghany  Observatory.  8vo. 
8  pp.  Pittsbwrgh,  1869 

*  La  Bive  [A  de.]    A  Treatise  on  Electricity  in  Theory  and  Practice.    8  vols. 

Beview.    8vo.    87  pp.  London,  1857 


•  ■    I  Further  Besearches  on  the  Aurora  Borealis  and  the  Phenomena 

which  attend  them.    Svo.    8  pp.    IPhil,  Mag.  (Supplement)  for  June.] 

London,  1862 

Lautare  [Count  I^Escayrac  de].  Analytic  Universal  Telegraphy :  an  Inter, 
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shorter  than  Uie  system  at  present  in  use,  presenting  in  its  practice 
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London,  1862 

•  Ledanche  FG.]     Treatise  on  the  Ledanch^  Battery ;  preceded  by  a  few 

remarks  on  the  employment  of  Electrical  Batteries  in  Telegraphy. 
8vo.    14  pp.  London,  1869 

•  ■     n       Notice  BOr  la  pileLeclanch^;  pr^c^^e  de  quelques  considerations 

sur  Temploi  des  piles  ^ectriques  en  t^^raphie.    8vo.    16  pp. 

Paru,  1869 

[506  India  Bubber  Co.] 

I    1806  Jamin,  Bailly  et  Cie.] 
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*  Ledanche  [0^*]    Notes  mr  I'emploi  des  piles  tfleotriqaes  en  t^4s;Taphie.    Pile 

constante  an  peroxyde  de  maDgan^  k  on  seul  liqoide.    Syo.    16  pp. 

P<iHi,1867 

*  Letheby  [H.l  Lecture  on  Animal  Electricity.  Delivered  at  the  Polyteohnio 

Institution  before  the  members  of  the  Electrical  Society.    8yo.   16  pp. 

*  Lee  and  Nightingale.    Telegraph  Guide.    Sro.    80  pp.    January. 

Lettsom.    [Fide  Kobell.] 

*  Lloyd  [^^*  H.1   On  the  Probable  Causes  of  the  Earth  Currents.  Svo.  6  pp. 

[Bead  before  Boyal  Irish  Academy,  June  28.]  1862 

London  Jonmal  and  Bepertory  of  Arte,  Sdences,  and  Mannfactniea. 

Conjoined  series.  No.  CXYII.  Beceni  Patents— Electroplating.   1887- 
1841.    8to.    85  pp.    Plate.  ^  L<mdom. 

Longet.    iVide  Matteucci  et  Longet.] 

*  Loomls  [Professor  Ellas.]    The  Great  Auroral  Exhibition  of  August  28 

to  September  4,  1869.    Svo.     80  pp.     TAmer,  Jl.  <if  Msnos  amd  ArU^ 
VoLXXVm.    1869.] 

and  Art.  8yo.  6  pp.  Anm.Jl.qfBoUnceaindArU.  YoLXXIX.  Jan.,  1868. 
•rd     ,,      I,    18  »»  99  M  ff 

4th     „      „    14„  ,.  ,,^     May,  1860 

6th     ,,      „    22  „      (Chart)  „  YoL  XXJL    July,  1860 

6th     „„    26  9,  ^  „  Nov,  1860 

7th     „      »    14  H  M  YoLXXXn.    July,  1861 

8th     „      „    19  „  „  „  Nov.,  1861 

New  Haven  (P),  1880-61 

*  — -.    On  Electrical  Currents  circulating  near  the  Earth's  Surface,  and 

their  connection  with  the  Phenomena  of  the  Aurora  Borealis.    Svo. 
12  pp.    [Amer.  Jl  of  Beience  and  AfU.    YoLXXXIY.    July,  1882.] 

New  Hofven  (P),  186S 

^  -^^—  Comparison  of  the  Mean  Daily  Bange  of  the  Magnetic  Declination^ 
with  the  number  of  Auroras  observed  each  year,  and  the  extent  of  tiie 
black  spots  on  the  surface  of  the  sun.  Svo.  19  pp.  [Amer,  Jl.  of 
Seience  and  ilrts.    Yol.  L.    Sept.,  1870.]  New  floven  (P),  1870 

The  Aurora  Borealis,  or  Polar  Light :  its  Phenomena  and  Laws. 


Svo.    41  pp. 
Lonis  [J*  B.]    [Vide  Gros,  Le  Baron.] 

*  Lore  [C.]     Note  sur  I'application  de  T^ectro-magn^tisme  auz  machines 

locomotives.  Svo.  12  pp.  {E&t.  dee  Ann,  de$  Chemima  de  iVr,  No,  24^ 
etdela  Bev%ie  BeiM^ue  it  Ind^utrieUe,^  Parie^ 

*  McOallnm  [David].    The  Globotype  Telegraph:  a  Beoording  Instrument  by 

which  small  coloured  balls  are  released  one  by  one,  and  made  to  pass 
over  a  series  of  inclined  planes  by  the  force  of  their  own  gravity* 
Svo.    82  pp.  Londim,  1866 

*  Mackrell  [C.],  Oann  [J.  W.],  and  PoUock  [T.]    On  the  Action  upon  the 

Galvanometer  by  arrangements  of  coloured  liquids  in  a  ()  tube.  8vo. 
60  pp.  Lfmdon,  186(^ 

McBea  [Wm.  C]    [Vide  TumbuU  and  McBea.] 

*  Majocchl  [G.  A.]    Sull'  azione  chimica  del  calorico  sperienze.    Svo.  12  pp^ 

[Aim,  di  Fieiea  Chim,  e  MaUfmUiehe,^  MOono,  ISU 

*  — «^    Nuovo  elettroscopio  o  strumento  per  riconoscere  le  due  ellettricitiL 

nei  corpi.  Svo.  8  pp.  [Eti.  dal  faee.  di  Apnle,  1841,  degU  AfmaXi  di 
Fieiea,  Chim,  e  MaiemaHche,-]  MtUme^  18€1 
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*  Ml^oechi  [O.  A.]  Considerazioni  ed  esperienze  intomo  all'  origine  della 
corrente  voltaica.  8vo.  10  pp.  [Egi,  dagH  AnnaU  di  FiHea,  Chim,  e 
MaJUmaHche.  Fas.  56.]  MilwM. 


*  -^—    Delle  condizioni  necessarie  alia  prodozione  della  corrente  voltaica. 

Memoria  Seconda.  8vo.  29  pp.  [E«t.  dagU  Awn,  di  IVt.,  Chim.  a 
Maiemaiiche.    Fas.  60.    O.T.XX     184i6.]  IfOono,  18i6. 

*  Martens  [M.]    Bapport  sur  on  M^moire  pr^nt6  aa  concoors  de  1846,  en 

r^ponse  i^  la  question  soivante,  examiner  et  discuter,  les  thdories 
qui  ont  M  propos^es  jnsqu'jk  ce  jour,  poor  expliquer  I'origine  de 
relectricit^  voltaique  et  le  mode  d'action  des  piles.    8yo.    15  pp. 

tAcad.  Boy.  de  Belgique.    Ext. Ma  Tome  Xni.,  Ko.  9  des  BvXUtin$. 
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*  I  Becherches  snr  les  causes  productrices  de  la  passiyit^  des  mtftaux. 
Svo.    20  pp.    [Acad.  Boy.  de  Bruxelles.    Ext.du  Tome  IX.,  No.  11  des 

*  I      Notice  sur  la  th^orie  de  la  pile  voltaaque.   8yo.    19  pp.    [Acad.  Boy. 

de  Bmxelles.    Ext.  du  Tome  IX.,  No.  8  des  BuHettiw.]  BnunXUt. 

^  «»—  Becherches  sur  la  passivity  des  mtftaux  et  sur  la  th^rie  la  pile 
▼oltaique.  Svo.  2i  pp.  [Acad.  Boy.  de  Bruxelles.  Ext.  du  Tome 
ym.,  No.  10  des  BttUtfHiw.]  BhuhXUm. 

*  -»—    Note  sur  passiviU  du  f er.    Svo.    14  pp.    [Acad.  Boy.  de  Bruxelles. 

Ext.  du  Tome  YII.,  No.  6  des  BuOtfiww.]  BtimmUm 

*  Mattencd  [C]  et  Lpoget  [0.]    Sur  la  relation  qui  existe  entre  le  sens  da 

courant  ^ectrique  et  les  contractions  musculairee  dues  k  ce  courant. 
Premier  M^moire.  Svo.  15  pp.  [Lu  i^  TAcad.  des  Sciences,  dans 
sa  Stance  du  9  Septembre,  1844.]  Porif ,  1844 

*  Matthiessen  [A]    On  the  Specific  Besistance  of  the  Metals  in  terms  of  the 

B A..  Unit  (1864)  of  Electric  Besistance,  together  with  some  Bemarks 
on  the  so-called  Mercury  Unit    Svo.    10  pp.    \Fh%U  Kay.,  May.] 

London,  1865 

^  I    Note  on  Dr.  Siemens's  Paper,  <*0n  the  Question  of  the  Unit  of 

Electrical  Besistance."    Svo.    4  pp.    [P^a.  May^  May  1866.] 

LcndMiy  1866 

*  — ~»  On  an  Alloy  which  may  he  used  as  a  Standard  of  Electrical  Besistance. 

Svo.    9  pp.    [P^il.  Ifoy.,  Feh.]  ikmdon,  186L 

"  Morning  Ghronide."    [Fid«  *«  Times "  and  «  Morning  Chronicle."] 
Moser.    [Fuk  Hunt,  Bohert.] 
Nightingale.    [Vide  Lee  and  Nightingale.] 

*  dShanglinessy  [W.  B.]    Official  Oorrespondence  on  the  attaching  of  Light- 

ning Gonductors  to  Powder  Magazines.    8vo.    84  +  8  pp. 

Cal0tti«a,  184a 

*  ■  Memorandum  of   Experiments  on  the  Explosion  of  Gunpowder 

under  Water  hy  the  Galvanic  Battery ;  with  a  Notice  of  theSuccessfiol 
Destruction  of  the  Wreck  of  the  *<  Equitahle  '*  at  Fultah  Beach.  Svo. 
20  pp.    Plate.  Caloutto,  1840 

*  Palmer  [E.l    New  Catalogue  and  Prices.    With  800  Engravings  of  Appara- 

tus illustrative  of  Chemistry,  Pneumatics,  Frictional  and  voltaic 
Electricity,  Electro-Magnetism,  Optics,  etc.  Svo.   67  pp.    Jj<mdon,  1840 

*  Parliamentary  Paper.    Betum  of  the  Names  and  Numhers  of  Ships  and 

Vessels  of  the  Boyal  Navy  which  had  heen  fitted  with  Wire  Bope 
Lightning  Conductors  previously  to  the  6th  June,  1842.    Ltmdany  1850 
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Patent  Office.  Abrid|pftient8  of  Bpeeifications  relating  to  Blectrieity  atfd 
Magnetiffio.  Div.  m.  Transmitting  and  Becelving  Signals,  etc 
Partn.    1867-1876.  London,  1888 

Peltier.    [FMtoHare,B.] 

*  Perrot  pf  •]    Machine  Lithographique.    Machine  k  imprimer  les  ^toffes  et 

dorure  galvanique.    8vo.    64  pp.  Porif,  1841 

PIggott  [W.  P.]  On  the  Importance  of  Ocean  Telegraphy :  the  Impediments 
to  its  Success,  and  the  way  to  obviate  them.    12mo.  16  pp.    London,  1868 

*  Potter  [Fred.]    A  Lecture  on  the  Manufacture  of  Plated  Good^  to  the 

Society  of  Arts,  19th  April,  1848.    Svo.    16  pp.  London,  1848 

*  Preece  [W-  H.]    On  the  Maintenance  and  Durability  of  Submarine  Gables 

in  Shallow  Waters.    Discussion.    Svo.    28  pp.    [Inst.  Oiv.  Eng.,  Dec. 
4  and  11, 1860,  and  Jan.  8  and  15, 1861,]  London,  1861 

*  -  On   the   Maintenance  and  Durability  of  Submarine    Gables   in 

Shallow  Waters.     With  an  Abstract  of   the  Discussion  upon  the 
Paper.    8yo.   82  pp.    IProc.  InH,  Civ,  3ng,   Vol.  XX.   Session  1860^61.] 

London,  1862 

* On  Bailway  Telegraphs  and  the  Application  of  Electricity  to  the 

Signalling  and  Working  of  Trains.    Svo.    76  pp.    [Proc,  Ingt,  Civil 
Eng,    Vol.  XXn.    Session  1862-68.]  London,  1868 

* Electrical  Intercommunication  in  Trains  in,  Motion.    12mo.   23  pp. 

London,  1866 

*  PriBg  [Jas*  H.]   An  Account  of  a  Method  of  Etching  or  Engraving  vid  sicod 

by  means  of  Voltaic  Electricity.    8yo.    16  pp.    Plates. 

Weston-tvper-Mare,  184B 

*  Qaetelet  [A.]    Sur  remploi  de  la  Boussole  dans  les  mines.    Svo.    84  pp. 

BruawZl6«,1848 

*  ■  T^^graphie  6lectrique.      Documents  relatifs  &  T^tablissement  de 

lignes  t^ldgraphiques  en  Belgique.    8vo.    58  pp.  BrumeUes,  1850 


-  Administration  des  Ghemins  de  fer,  Postes,  et  T^Mgraphes.  Loi 
arrdt^  et  B^glement  concemant  T^xploitation  des  T^^graphes. 
8vo.    80  pp.  BrumelUMy  1851 


*  I        Sur  r^ectricit^  des  nuages  orageux.    Svo.    12  pp.    [Acad.  Boy.  de 

Belgique.    Ext.  du  T.  XXI.,  No.  7  des  BulUtins,'] 

*  Beade  r«^0    ^  Letter  to  Dr.  Faraday,  respecting  a  hasty  opinion,  given 

when  President  of  the  Section  B  at  the  British  Association, 
Southampton,  on  Dr.  Joseph  Beade's  Paper  showing  that  Badiant 
Heat  was  converted  into  Electricity  by  Beflection.    Svo.    12  pp. 

London,  1848 
Bedfleld.    [Fido  Hare,  B.] 

*  Begnard  [EO    M^oire  sur  la  Telegraphic  ^lectrique  k  courants  combing 

et  It  double  echappement  et  sur  Thorlogerie  dlectrique.  8vo.  46  pp. 
Plates.  Paris,  1856 

Bless  [I>r.  P.]    [Vide  Faraday  and  Biess.] 

*  BobertS  [Martyn  J.]    The  Process  of  Blasting  by  Galvanism,  detailed  in  a 

Letter  addressed  to  the  Highland  and  Agricultural  Sooie^  of  Scotland. 
Svo.    86  pp.    Plates.  London,  1840 

*  Bobinson  [John].    The  Atlantic  Ocean  Telegraph  from  Ireland  to  New- 

foundland, or  the  North  Atlantic  Line  ^  Faroe  Islands,  Iceland, 
Greenland,  and  Labrador.    Svo.    86  pp.    Map.  London,  1860 
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*  Butter  [J.  0.  N.]    A  Description  of  the  Electric  Indicator.    ISmo.    29  pp. 
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simple  couple  et  sur  la  passivity  du  fer.    8vo.    5  pp.  BAle,  1818 
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appointed  by  them  on  May  11, 1882,  to  consider  the  subject. 
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These  rules  and  regulations  are  drawn  up  for  the  reduction 
to  a  xniimnuin,  in  the  case  of  electric  lighting,  of  those  risks  of 
fire  which  are  inherent  in  every  system  of  artificial  illumination, 
and  also  for  the  guidance  and  instruction  of  those  who  have,  or 
who  contemplate  having,  electric  lighting  apparatus  installed  in 
their  premises. 

The  difficulties  that  beset  the  electrical  engineer  are  chiefly 
internal  and  invisible,  and  they  can  only  be  effectually  guarded 
against  by  ^^testing,**  or  probing  with  electric  currents.  They 
depend  chiefly  on  leakage,  undue  resistance  in  the  conductor,  and 
bad  joints,  which  lead  to  waste  of  energy  and  the  dangerous  pro- 
duction of  heat.  These  defects  can  only  be  detected  by  measuring, 
by  means  of  special  apparatus,  the  currents  that  are  either  ordinarily 
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or  for  the  purpose  of  testing,  passed  through  the  circuit.  .Should 
wires  become  perceptibly  warmed  by  the  ordinary  current,  it  is  an 
indication  that  they  are  too  small  for  the  work  they  have  to  do, 
and  that  they  should  be  replaced  by  larger  wires.  Bare  or  exposed 
conductors  should  always  be  within  visual  inspection,  and  as  four 
out  of  reach  as  possible,  since  the  accidental  falling  on  to,  or 
the  thoughtless  placing  of  other  conducting  bodies  upon  such 
conductors,  would  lead  to  "  short-circuiting,''  andthe  consequent 
sudden  generation  of  heat  due  to  an  increased  current  in  conduc- 
tors not  adapted  to  carry  it  with  safety. 

The  necessity  cannot  be  too  strongly  urged  for  guarding 
against  the  presence  of  moisture  and  the  use  of  ^^  earth  "  as  part 
of  the  circuit.  Moisture  leads  to  loss  of  current,  and  to  the 
destruction  of  the  conductor  by  electrolytic  corrosion,  and  the 
injudicious  use  of  "earth"  as  a  part  of  the  circuit  tends  to 
magnify  every  other  source  of  difficulty  and  danger. 

The  chief  dangers  of  every  new  application  of  electricity  arise 
from  ignorance  and  inexperience  on  the  part  of  those  who  supply 
and  fit  up  the  requisite  plant. 

The  greatest  element  of  safety  is  therefore  the  employment  of 
skilled  and  experienced  electricians  to  supervise  the  work. 

I.  The  Dynamo  Machine. 

1«  The  dynamo  machine  should  be  fixed  in  a  dry  place. 

2.  It  should  not  be  exposed  to  dust  or  flyings. 

3.  It  should  be  kept  perfectly  clean  and  its  bearings  well  oiled. 

4.  The  insulation  of  its  coils  and  conductors  should  be  prac- 
tically perfect. 

5.  All  conductors  in  the  Dynamo  Boom  should  be  firmly  sup- 
ported, well  insulated,  conveniently  arranged  for  inspection,  and 
marked  or  numbered. 

II.  The  Wires. 

6.  Every  switch  or  commutator  used  for  turning  the  current 
on  or  off  should  be  constructed  so  that  when  it  is  moved  and  left 
it  cannot  permit  of  a  permanent  arc  or  of  heating. 

7.  Every  part  of  the  circuit  should  be  so  determined,  that  the 
gauge  of  wire  to  be  used  is  properly  proportioned  to  the  currents 
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it  will  have  to  cany,  and  all  junctions  with  a  smaller  conductor 
should  be  fitted  with  a  suitable  safety  fuse  or  protector,  so  that 
no  portion  of  the  conductor  should  ever  be  allowed  to  attain  a 
temperature  exceeding  150^  F. 

8.  Under  ordinary  circumstances  complete  metallic  circuits 
should  be  used;  the  employment  of  gas  or  water  pipes  as  con- 
ductors for  the  purpose  of  completing  the  circuit,  should  not  in 
any  case  be  allowed. 

9.  Bare  wires  passing  over  the  tops  of  houses  should  never  be 
less  than  seven  feet  clear  of  any  part  of  the  roof,  and  all  wires 
crossing  thoroughfieures  should  invariably  be  high  enough  to  allow 
fire  escapes  to  pass  under  them. 

10.  It  is  most  essential  that  joints  should  be  electrically  and 
mechanically  perfect  and  united  by  solder. 

11.  The  position  of  wires  when  underground  should  be  clearly 
indicated,  and  they  should  be  laid  down  so  as  to  be  easily  in- 
spected and  repaired. 

12.  All  wires  used  for  indoor  purposes  should  be  efficiently 
insulated,  either  by  being  covered  throughout  with  some  insu- 
lating medium,  or,  if  bare,  by  resting  on  insulated  supports. 

13.  When  these  wires  pass  through  roofs,  floors,  walls,  or  par- 
titions, or  where  they  cross  or  are  liable  to  touch  metallic  masses, 
like  iron  girders  or  pipes,  they  should  be  thoroughly  protected  by 
suitable  additional  covering;  and  where  they  are  liable  to  abrasion 
from  any  cause,  or  to  the  depredations  of  rats  or  mice,  they  should 
be  efficiently  encased  in  some  hard  material. 

14.  Where  indoor  wires  are  put  out  of  sight,  as  beneath 
flooring,  they  should  be  thoroughly  protected  from  mechanical 
injury,  and  their  position  should  be  indicated. 

N3. — ^The  value  of  frequently  testing  the  apparatus  and 
circuits  cannot  be  too  strongly  urged.  The  escape  of  electricity 
cannot  be  detected  by  the  sense  of  smell,  as  can  gas,  but  it  can  be 
detects  by  apparatus  bx  more  certain  and  delicate.  Leakage 
not  only  means  waste,  but  in  the  presence  of  moisture  it  means 
destruction  of  the  conductor  and  its  insulating  covering,  by 
electric  action. 
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15.  Arc  lamps  should  always  be  guarded  by  proper  lanterns  to 
prevent  danger  from  falling  incandescent  pieces  of  carbon,  and 
from  ascending  sparks.  Their  globes  should  be  protected  with 
wire  netting. 

16.  The  lanterns,  and  all  parts  which  are  to  be  handled,  should 
be  insulated  from  the  circuit. 

IV.  Danger  to  Person. 

17.  Where  bare  wire  out  of  doors  rest«  on  insulating  supports, 
it  should  be  coated  with  insulating  material,  such  as  india-rubber 
tape  or  tube,  for  at  least  two  feet  on  each  side  of  the  support. 

18.  To  secure  persons  from  danger  inside  buildings,  it  is 
essential  so  to  arrange  and  protect  the  conductors  and  fittings,  that 
no  one  can  be  e^tposed  to  the  shocks  of  alternating  currents 
of  a  mean  electro-motive  force  exceeding  100  volts,  or  to  con- 
tinuous currents  of  200  volts. 

19.  If  the  difference  of  potential  within  any  house  exceeds 
200  volts,  the  house  should  be  provided  with  a  "switch,**  so 
arranged  that  the  supply  of  electricity  can  be  at  once  cut  off. 

By  Order  of  the  CounciL 

F.  H.  WEBB,  Secretary. 

Offices  of  the  Society, 
4,  The  Sanctuary,  Westminster. 
April  nth,  ISSS, 
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OBSEEVATIONS  OF  EARTH  CURRENTS. 

By  E.  0.  Walker,  Member. 

I  have  compiled  the  following  notes  on  the  best  conditions 
under  which  to  observe  earth  currents,  which  may  be  of  use  if  the 
Conncil  decide  to  issue  instructions  to  observers : — 

1.  Gralvanometer  to  be  unsensitive  to  inductive  disturbances, 
but  sensitive  enough  to  give  readable  deflections  with  an  electro- 
motive force  of  1  volt  through  5,000  ohms  external  resistance. 

2.  Galvanometer  to  be  of  low  resistance. 

3.  Earth  plates  to  be  of  the  same  metal  at  both  of  observing 
stations,  and  of  the  lowest  possible  resistance. 

4.  Line  selected  for  observation  to  be  approximately  east  and 
west ;  geographical  position  to  be  plotted  on  chart. 

5.  Line  to  be  of  thick  wire,  of  lowest  resistance  possible ;  or 
two  or  more  wires  coupled  together  to  reduce  resistance  of  circuit. 

6.  The  longer  the  line,  the  larger  the  gauge  to  be  selected. 
Observations  are  easily  made  on  a  line  1,000  miles  in  length  of 
No.  1  B.W.G.,  but  not  so  on  the  same  length  of  No.  5  J  or  8  B.W.G. 
For  small  gauges  a  length  of  200  miles  is  ample.  On  the  other 
hand,  very  short  lines  to  be  avoided,  since  polarisation  and  galvanic 
action  are  more  declared  on  them. 

7.  That  line  to  be  selected  which  is  ferthest  removed  from 
other  wires,  to  avoid  extraneous  disturbances. 

8.  Difference  of  elevation  above  sea  level  of  the  two  terminal 
stations  to  be  noted,  and  contour  of  the  track  of  country  crossed 
by  the  line.  The  greater  the  difference  of  elevation,  tiie  greater 
the  differ^ice  of  potentiaL 

.  9.  Litermediate  offices,  if  possible,  to  be  joined  direct,  but  in 
any  case  the  resistance  in  circuit  to  be  noted,  and  preserved 
constant  for  all  observations  made. 

BxnuuM,  20th  March,  1888. 
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TRANSLATION  OF  LETTER  FROM  MONSR.  J.  JOUBERT, 
Professor  of  Physics  at  the  C!ollege  Rolun,  Paris, 

Addreued  to  a  Member  of  the  Fire  Bisks  Committee  in  reply  to  inquiries 
in  connection  with  Bide  18  of  the  Committers  Bules. 

Paris,  February  27thy  1883. 

DearSir, 

I  must  ask  yon  to  excuse  my  not  having  sooner  answered 
your  letter.  From  a  wish  to  make  my  reply  as  complete  aa 
possible,  I  had  asked  for  some  information,  which  has  not  yet 
reached  me ;  as  soon  as  it  does  I  will  forward  it,  if  worth  doing  so. 

The  question  you  raise  is  very  difficult  of  solution  in  the 
absence  of  sufficient  experimental  data.  Although  the  number  of 
accidents  have  unfortunately  been  considerable,  yet  they  have  not 
given  rise  to  any  inquiry  sufficiently  carefully  conducted  as  to 
point  out  how  the  accidents  are  to  be  avoided.  What  may  be 
said  on  this  subject  rests,  therefore,  more  on  assumptions  than 
on  established  facts. 

I  will,  however,  begin  my  answer  by  explaining  my  own  views 
on  the  subject. 

In  my  opinion  electric  machines,  as  far  as  regards  public 
safety,  ought  not  to  be  divided  into  corUi/nuovs  and  aUemcUins^ 
current  machines,  but  into  canetarU  Cfwnrent  machines  and 
variable  eu/rrent  machines ;  a  battery  being  a  type  of  the  former 
class. 

I  believe  that,  without  grave  danger,  and  for  a  very  short  timey. 
the  two  poles  of  a  powerful  battery  may  be  placed  in  communica- 
tion. The  late  Professor  Despretz,  of  the  Sorbonne  (who  made 
numerous  experiments  with  600  Bunsen  cells  in  series,  i.€.,  with 
an  EJ!d.F.  of  1,000  volts),  stated  that  on  more  than  one  occasion 
he  and  his  assistants,  by  accidentally  closing  the  circuit  through 
their  own  bodies,  had  received  terrific  discharges,  and  without  the 
slightest  ill  effect. 

M.  Dubosq,  the  well-known  electric  lamp  maker  in  Paris,  I 
have  heard  speak  similarly ;  he  being  in  the  habit  of  hRiiHling  at 
the  Grand  Opera  a  battery  of  800  Bunsen  cells,  coupled  together 
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in  all  sorts  of  ways.  His  reply  to  my  present  inquiry  has  not  yet 
come  to  hand. 

With  greater  reason,  therefore,  do  I  consider  that  there  would 
be  no  danger  in  touching  one  only  of  the  poles  of  a  still  more 
powerftd  battery. 

The  same  would  evidently  hold  for  a  constant  current  machine. 
I  do  not,  however,  know  of  any  practical  one.  All  djrnamo 
machines  give  off  currents  which  are  more  or  less  variable.  In 
**Granmie*  and  in  "Siemens'*  machines  the  intensity  of  the 
current  may  be  represented  as  in  the  sketch,  while  in  the  "  Brush  " 
machine  the  variations  are  much  greater. 


/VWAAAA^ 


I  firmly  believe  that  the  physiological  action,  and  consequently 
the  danger,  arises  principally,  if  not  entirely,  from  the  extreme 
rapidity  with  which  the  variations  of  the  E.M.F.  follow  each 
other ;  and  that  this  action  is  greater  in  proportion  as  these  varia- 
tions are  more  numerous  and  of  greater  amplitude.  From  this 
point  of  view  it  is  quite  immaterial  whether  the  successive 
currents  are  always  in  the  same  direction  or  whether  they  are 
alternately  in  contrary  direction. 

A  "  Brush "  machine  appears  to  me  to  be  quite  as  dangerous 
as  an  alternating  current  one,  even  though  the  former  is  classed 
among  continuous  current  machines. 

To  be  brief,  I  believe  that  the  danger  which  may  arise  fix)m  a 
machine  depends  only  in  a  slight  degree  on  the  absolute  difference 
of  potential  between  its  two  poles ;  but  that  it  depends  principally 
on  the  amplitude  and  frequency  of  the  variations  having  this 
difference. 

Having  thus  explained  my  opinion  generally,  I  will  attempt 
to  reply  to  the  different  questions  asked  me. 

1.  "  Do  you  approve^  as  a  maxvm/u/m  limits  of  200  voUafor 
conti/rmovs  cv/rrerUsy  and  of  QOvottafor  oMemate  cmrentaf  May 
the  latter  li/mit  be  pushed  to  130  voUa  f  " 

If  by  a  "  continuous  "  current  is  meant  what  I  have  termed  a 
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"constant*"  current,  the  first-named  limit  may  be  considerably 
exceeded.  As  to  "  variable  "  currents,  I  will  return  to  them  as 
soon  as  I  have  replied  to  the  following  questions. 

2.  "  WJmt  do  you  understand  by  a  limit  of  60  voUa?  What 
meaning^  thivJc  youy  vxyuld  he  attached  to  such  an  eocpression  f  " 

Personally  I  should  consider  a  limit  of  60  volts  to  mean  a 
TTfiftYimnm  difiereuce  of  potential  equal  to  60  volts.  Thus,  in  a 
Gramme  or  a  Siemens  alternate  current  machine,  where  the 
difference  of  potential  between  its  two  poles  varies  sensibly  as 

sin.  2  TT  7p  (T  being  the  entire  period),  I  shoidd  understand  that  the 

m^TiTTinTn  ordinate  representing  this  difference  ought  not  to 
exceed  60  volts. 

I  would,  however,  remark  that  a  machine  under  such  a  condition 
would  not  be  capable  of  supporting  an  arCy  as  this  maTimnTn 
difference  is  very  nearly  that  which  must  necessarily  exist  between 
the  two  carbons  (with  alternate  currents,  of  course). 

As  to  the  interpretation  which  might  be  given  to  the  expression 
a  Trmodmum  li/mit  of  60  voltSy  I  think  that  it  would  be  under- 
stdod,  not  that  the  maximum  ordinate  should  not  exceed  60 
volts,  but  only  that  the  mean  ordvnate  should  not  do  so. 

But  in  the  question  actually  at  issue  it  is,  I  beUeve,  the 
maximum,  and  not  the  mean  ordinate,  which  ought  to  be  taken 
into  consideration. 

3.  "  While  holding  one  cond/actor  only^  would  one  be  eocposed 
to  a  differcTice  of  potential  of  60,  or  of  twice  60  voUs  ?^ 

If  one  was  in  perfect  communication  with  the  earth,  I  believe 
the  former  case  would  arise,  as  one  would  then  have  but  one 
conductor  affording  a  difference  of  potential  of  60  volts,  and  it 
would  be  indifferent  whether  the  successive  variation^,  starting 
from  zero,  were  positive  or  negative  in  direction. 

If,  however,  one  was  insulated,  the  second  case  would  arise, 
since  the  body  would  then  pass  alternately  from  a  potential  of 
+  60  to  a  potential  of  —  60 ;  and  it  would  be  subjected  to  varia- 
tions of  potential  of  120  volts.  I  am,  however,  quite  convinced 
that  in  neither  case  would  there  be  the  slightest  danger  in  being 
exposed  to  much  greats  variations  of  potential.  I  can  quote  my 
own  experience  on  this  point.    When  carrying  out  the  experi- 
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ments  described  in  my  pamphlet,  I  worked  with  an  alternating 
current  Siemens  machine  which  was  perfectly  insulated ;  one  of 
the  poles  being  permanently  connected  to  the  frame  of  a  portable 
electrometer  of  Sir  Wm.  Thomson,  the  other  with  the  electrode 
of  the  instrument.  By  turning  the  micrometer  I  was  placed  in 
communication  with  the  poles  of  the  machine.  When  the  elec- 
trometer was  in  communication  with  the  earth  I  felt  nothing  at 
all,  and  only  a  slight  tingling  when  it  was  insulated.  In  these 
experiments,  however,  the  difference  of  potential  was  carried 
nearly  up  to  1,200  volts,  alternately  +  1,200  and  —  1,200. 

I  took  good  care  to  make  sure  of  the  perfect  insulation  of  the 
second  pole;  otherwise  the  result  might  have  been  a  very  severe 
shock. 

In  illustration  of  this  I  will  cite  the  following  fact.  An  alter- 
nate current  G^ramme  machine  was  working  so  that  the  maximum 
ordinate  representing  the  difference  of  potential  of  the  two  poles 
of  the  machine,  when  open,  reached  about  500  volts.  A  young 
man,  wishing  to  cut  off  the  current  from  the  commutator,  which 
was  close  to  the  machine,  and  not  having  at  hand  the  key  with  an 
insulated  handle  which  was  generally  used,  took  a  piece  of  a  file 
without  any  handle ;  he  was  struck  to  the  ground.  There  was 
leakage  going  on  from  the  other  pole  to  earth. 

4.  "  In  yowr  pamphlet  you  make  use  of  the  expression  *  mean 
dectro-motiA)e  forced  In  what  sense  do  you  mean  this  ?  and,  in 
particular,  what  do  you  understand  by  a  m^ean  electro-emotive 
force  of  60  voUs  ?  " 

I  have  termed  "  mean  electro-motive  force  "  the  mean  ordinate, 

irrespective  of  its  sign ;  an  ordinate  which,  if  the  electro-motive 

2 
force  is  represented  by  a  sinoidal  curve,  is  equal  to  a  fraction,  — , 

of  the  maximum  ordinate.    In  the  case  of  a  mean  electro-motive 
force  of  60  volts,  it  would  therefore  be  equal  to  about  90  volts. 

The  above  are  some  of  the  suggestions  which  your  letter  has 
given  rise  to.  I  shall  be  happy  to  afford  you  any  further  expla- 
nations. Moreover,  if  anything  additional,  of  interest,  comes  to 
hand,  I  will  at  once  send  it  to  you. 

Yours  truly, 

J.  JOUBERT. 
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Mansion  Houn  Buildikgs, 

LoNBOir,  B.C.,  Apra  lOih,  1883. 

The  Secretary f 

Society  of  Telegraph  Engineers 

and  of  Electricians. 

Deab  Sm, 

.  In  reply  to  your  question  as  to  my  views  on  the  **  effects  of 
the  quantity  and  magnetic  charge  "  of  a  current  when  considering 
its  effects  on  human  life, 

I  think  there  are  two  distinct  modes  in  which  the  human 
body,  or  other  vital  organism,  is  affected  by  the  passage  through 
it  of  an  electric  current. 

Fvi'st.  When  it  forms  part  of  a  derived  circuit  to  the  main 
conductor  in  such  manner  that,  when  the  latter  is  severed,  the 
whole  extra  current  (of  any  current  normally  passing  through  the 
conductor)  takes  effect  upon  it  (the  organism). 

In  these  cases  the  organism  receives  a  blow,  or  shock,  as  it  is 
usually  called,  and  this  shock  may  be  severe  even  when  the  E  J£.F. 
of  the  normal  current  is  comparatively  low,  as  I  think  that  there 
is  no  doubt  that  it  is  mainly  due  to  the  extra  current  at  the 
moment  of  interruption. 

Undoubtedly,  this  extra  current  bears  a  definite  ratio  to  the 
normal  current,  and  probably  is  directly  proportionate  to  the 
magnetic  moment  of  the  whole  circuit. 

This  may  be  small,  if  the  wire  forming  the  conductor  be  short ; 
but  if  it  be  coiled  on  itself,  or  if  any  part  of  it  forms  a  coil  into 
which  an  iron  core  is  introduced,  the  magnetic  moment  of  the 
whole  system  being  increased,  the  extra  current  is  also  increased, 
and  it  is  to  this  that  I  referred  when  I  called  attention  to  the 
necessity  of  considering  the  effects  of  "  magnetic  charge.*' 

In  most  of  the  arc  lighting  systems  using  the  direct  current, 
the  magnet  coils  of  the  dynamos  are  in  series  circuit  with  the 
main  circuit,  therefore  any  person  accidentally  receiving  the  shock 
through  any  portion  of  his  body  receives  one  in  degree  propor- 
tionate to  the  extra  current  due  to  the  magnetic  moment  of  the 
entire  system, 
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I  myself  have  frequenly  taken  the  shock  from  a  Burgin 
dynamo  machine  working  five  arc  lamps  in  series;  the  normal 
EJtf.F.  being  250  volts.  I  received  the  shock  in  the  following 
manner : — ^When  steadying  the  arc  lamp  with  one  hand,  I  raised 
the  upper  carbon  with  the  other.  I  thus  broke  the  circuit,  and  I 
received  the  extra  current  through  my  arms  and  chest.  The 
shock  was  comparable  to  that  from  a  large-sized  Leyden  jar.  My 
men  frequently  receive  shocks  in  this  manner  when  adjusting  arc 
lamps  in  which  the  dynamos  give  currents  up  to  25  ampdres,  with 
an  E.M.F.  of  300  volts ;  and  although  the  shock  is  startling  and 
unpleasant,  yet  I  have  never  heard  of  the  slightest  injury  to 
health  resulting  from  it. 

It  will  be  readily  seen  that  it  is  almost  impossible  for  any  one 
to  receive  this  form  of  shock  due  to  extra  current  when  using 
incandescent  lamps  or  arc  lamps,  if  they  are  arranged  in  parallel 
drcuit,  as  in  this  case.  The  interruption  of  any  one  branch  leaves 
the  other  branch  conductors  intact,  consequently  the  extra 
current  on  the  interrupted  branch  is  usually  too  small  to  be 
noticed ;  hence  quantity  and  magnetic  charge  have  no  influence. 

The  second  mode  in  which  the  human  body  is  affected  is  when 
any  part  of  it  is  so  placed  that  it  forms  a  conducting  path,  joining 
two  conductors  of  different  potentials  (one  of  which  may  be  the 
earth).  In  this  case  the  continuous  passage  of  the  current 
through  the  organism  gives  rise  to  a  sensation  of  tremor  or  burn- 
ing tremor.  This  sensation  varies  greatly  with  different  persons 
and  with  different  parts  of  the  body  of  the  same  person,  and  the 
severity  of  the  sensation  appears  to  depend  on  the 

(1)  E.M.F.  or  difference  of  potential  between  the  two  con- 

ductors; 

(2)  On  the  sur&ces  of  contact  between  the  organism  and  the 

conductor ; 

(3)  On  the  intermittent  or  undulatory  character  of  the  current 
itself. 

We  made  some  experiments  at  our  works  with  currents  of 
different  E,M.F.    In  these  the  conditions  were  as  follows : — 

The  surfaces  of  contact  were  two  16  B.W.Q-.  tinned  copper 
wires  spaced  3  inches  apart  over  the  edge  of  a  board.     These  we 
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bridged  with  the  side  of  our  hands.  The  current  was  supplied 
by  a  dynamo  having  a  60-part  commutator,  and  was  running  at 
1,600  revolutions.  Therefore  there  were  1,600  commutations  or 
undulatory  movements  of  the  current  per  second.  We  found 
that,  even  with  moistened  hands,  the  sensation  from  100  volts  was 
hardly  noticeable.  With  200  volts  it  was  slight  with  dry  hands, 
but  too  severe  for  the  moistened  hand  when  kept  on  for  more  than 
a  few  seconds.  With  300  volts  we  could  bear  to  bridge  the  wires 
with  the  dry  hand  for  a  second  or  two,  but  with  a  moistened  hand 
the  sensation  was  intolerable,  but  not  so  severe  as  to  leave  any 
after-effects.  The  sensation  in  this  last  case  was  as  if  the  wires 
were  heated  and  searing  their  way  into  the  flesh  • 

The  conclusions  I  draw  are,  that  in  considering  risks  from 
shocks  due  to  extra  currents,  systems  supplying  an  E.M.F.  of 
300  volts  with  a  quantity  of  25  amperes  are  certainly  not 
dangerous;  and  that  in  considering  the  limit  of  E.M.F.  in 
currents  employed  in  incandescent  or  parallel  arc  lighting,  the 
limit  of  safety  probably  lies  between  300  and  400  volts. 

Yours  faithfully, 

R.  E.  CROMPTON. 
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J.  BAUKAVH— ELEOTBIO-EKEBGY.METER. 

{CentraZblaU  fUr  EleUroteehnih,  B,  F.,  No,  1,  p.  19.) 

The  apparatus  consists  of  a  Barlow's  wheel,  which  rotates  between  the 
poles  of  a  fixed  electro-magnet.  The  wheel  and  mercury  trough  are  in  the 
main  circuit,  while  the  coils  on  the  electro-magnet  form  a  shunt  to  any 
portion  of  the  circuit  in  which  it  is  desired  to  measure  the  energy  expended. 
The  accompanying  figure  shows  clearly  the  apparatus  and  the  method  of 
connection.  G  is  the  wheel,  T  the  trough,  B  the  electro-magnet,  and  L  the 
lamps.  The  main  circuit  is  shown  by  full  lines,  while  the  dotted  lines  show 
the  shunt  circuit  taken  off  at  the  points  A  and  B. 


Suppose  the  current  is  i,  and  the  intensity  of  the  magnetic  field  is  I,  then 
the  distance  L,  traversed  by  a  point  on  the  periphery  of  the  wheel  during  the 
time  (,  is 

where  a  is  a  constant  dependent  on  the  construction  of  the  individual 
apparatus. 

If  I  varies  directly  as  the  difference  of  potential  of  the  two  points  where 
the  shunt  is  connected,  we  shall  have 

The  condition  that  I  should  vary  as  (v  —  vQ  is  attained  by  making  the 
coils  of  the  electro-magnet  which  form  the  shunt  circuit  of  a  very  considerable 
resistance.  If  the  axle  of  the  Barlow's  wheel  is  connected  with  a  system  of 
wheelwork,  and  the  whole  apparatus  with  a  clock  in  such  a  way  that  the 
passage  of  the  current  starts  it,  while  the  cessation  of  the  current  stops  it, 
the  energy  expended  during  the  time  the  apparatu9  is  in  action  can  be 
recorded.  In  order  to  obtain  regular  working,  it  is  necessary  that  the  friction 
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of  the  axle  on  its  sapports  should  he  constant.  This  may  he  snfflciently 
nearly  ohtained  hy  making  the  wheel  as  heavy  as  may  he,  and  hy  arranging 
that  the  speed  of  the  wheel  does  not  vary  too  maoh  for  the  extreme  currents 
used  with  the  apparatus. 


r.  GATTZVaER-BATIOKAL  METHOD  FOB  MEA8UBING  THE 

BESISTANCE  OF  AN  EABTH 

{CewtrcmaU,  B,  V,,  N9. 1,  p.  21.) 

The  author  is  of  opinion  that  the  present  method,  hy  using  only  one 
comparative  measurement^  is  insufficient,  and  may  lead  to  error,  as,  for 
example,  in  measuring  the  earth  of  a  lightning  conductor ;  and  he  proposes 
4m  improved  method. 

Suppose  the  resistance  of  the  earth,  0,  is  to  he  determined,  two  other 
.earths,  y  and  «,  are  made,  which  may  he  of  high  resistance,  so  that  iron  water- 
pipes  and  such  like  can  he  used.  As  a  rule,  the  resistance  of  the  copper  wire 
conductors  may  he  neglected,  hut  for  very  exact  measures  it  should  he  taken 
into  account. 

Firsts  the  resistance  of  the  circuit  containing  the  two  earths  0  and  y  is 
determined— suppose  it  to  he  A.  Then  find  the  resistances,  B,  C,  of  the  two 
circuits  0  and  «,  y  and  0. 

From  the  three  equations,  0-t-y«>A,  0  +  ««>B,  y  +  s  —  0,  we  have 

.     A  +  B  — 0, 
•- 2 * 

or,  in  words,  add  the  resistances  of  the  two  circuits  0  and  y  and  0  and  s,  and 

iuhtract  from  the  sum  the  resistance  of  y  and  s,  the  remainder  divided  by  2 

is  the  resistance  of  the  earth,  0. 


—AUTOMATIC  COMMUTATOB  FOB 
BECONDABY  BATTBBIEB. 

{CewbraXblattfiir  EUktroUchna-,  B.  7.,  No,  3,i>.  62.) 

This  commutator  allows  of  varied  use,  hut  is  more  especially  meant  to  he 
employed  in  cases  where  the  dynamo  machine  used  for  charging  the  cells 
runs  at  varying  speeds*— as  when  it  is  driven  from  the  wheels  of  a  train,  for 
example.  Where  hoth  a  dynamo  machine  and  a  set  of  accumulators  are  con- 
nected  parallel  with  a  numher  of  glow  lamps,  it  can  he  used  to  automatically 
alter  the  connections,  so  that  only  the  accumulators  are  in  circuit  with  the 
lamps,  the  machine  heing  cut  out.  Or  it  can  he  used  when  secondary  hatteriea 
are  heing  charged  to  cut  o£F  connection,  and  so  prevent  reversal  of  the  poles  of 
the  dynamo  hy  the  return  current  firom  the  secondary  hattery,  should  there 
he  any  irregularity  in  the  speed  of  the  former. 

From  the  dynamo  machine,  M,  the  current  passes  into  the  coils  of  the 
electro-magnet  E,  then  through  a  pliable  strip  of  copper  to  the  armature  A» 
which  is  supported  hy  a  hinge  on  the  insulated  pillar  ^  and  which,  if  the 
current  is  too  weak  or  does  not  circulate,  is  drawn  down  at  one  end  hy  the 
.spiral  spring  F,  and  thus  presses  against  the  contact-screw  0.    The  circuit  is 
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now  elosedy  either  throngli  the  screw  K,  if  the  battery  and  lamps  are  connected 
in  series,  or  through  the  screw  in  the  lower  contact,  U,  if  they  are  connected 
parallel.  In  either  case  a  newly  developed  corrent  is  short-circuited  through 
O  and  0.  As  soon  as  the  current  becomes  sufficiently  strong,  it  breaks  this 
ahort-circuit|  since  the  electro-magnet  attracts  its  armature  and  interrupts  the 
contact  at  O.  The  current  then  passes  from  the  armature  either  through  K 
and  the  battery  and  lamps,  if  these  are  connected  in  series,  or  through  the 
lower  contact,  U,  on  which  the  attracted  armature  rests,  if  they  are  connected 
parallel,  and  so  back  to  the  machine.  This  second  case  is  shown  by  the  dotted' 
lines  in  the  figure.  If,  owing  to  a  decrease  in  the  strength  of  the  current^  the 
electro-magnet  releases  the  armature,  which  again  makes  contact  at  O,  the 
machine  is  again  short-circuited.  It  is  advisable  to  introduce  between  O  and 
G  a  resistance  nearly  equal  to  that  of  the  normal  external  circuity  in  order  to 
avoid  too  great  alterations  in  the  strength  of  the  current. 

The  current  from  the  battery,  on  the  other  hand,  in  the  former  case  enters 
by  K  into  the  lever  of  the  armature,  and  then  passes  through  the  upper  contact, 
O,  and  the  connecting  wire,  O  0,  through  the  lamps,  and  so  back  to  the  battery, 

M 


y 
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as  shown  by  the  full  lines.  In  the  second  case,  shown  by  dotted  lines,  when 
one  pole  of  the  battery  is  joined  to  U,  the  current  passes  directly  through  the 
lamps  without  traversing  the  apparatus  at  all. 

When  the  battery  alone  is  being  charged,  the  connections  are  made  as 
shown  by  the  dotted  lines,  the  lamps  of  course  being  cut  out. 

In  order  to  regulate  a  too  powerful  current,  two  apparatus  are  connected 
up  behind  each  other.  In  the  first  one,  which  has  its  electro-magnet  con- 
nected direct  to  the  machine,  a  resistance  is  inserted  between  the  upper 
contact,  O,  and  the  return  wire;  in  the  second  apparatus^  a  resistance  is 
inserted  between  the  lower  contact,  U,  and  the  lead  to  the  battery  and  lamps. 
For  a  weak  current  the  dynamo  will  be  short-circuited  through  the  upper 
contact  and  the  resistance,  and  at  the  same  time  the  circuit  of  the  battery  is 
completed  through  the  lamps ;  while  as  the  current  increases  the  armature 
will  be  attracted  by  the  electro-magnet,  and  the  current  will  be  shunted 
through  the  second  apparatus.  In  this  second  apparatus^  when  the  pull  of  the 
electro-magnet^  due  to  increase  of  current,  overcomes  the  opposing  spring  F, 
and  the  armature  lever  makes  contact  with  U,  the  retiftance  is  shunted  in. 

In  conclusion^  the  author  considers  the  proportion  of  current  which 
should  be  furnished  by  the  dynamo  and  by  the  battery. 
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s.  mmv— BEDUoncm  of  the  Siemens  unit  to  absolxttb 

MEASUBE. 

(Anndlm  der  Physik  und  Chemie,  B.  XVII.,  H.  6,  No.  18, 1882,  pp.  778-816.) 

The  author  gives  at  length  an  account  of  the  experiments,  extending  over 

several  months,  which  he  has  made  to  determine  accurately  the  value  in 

absolute  measure  of  the  Siemens  mercury  unit.    Every  possible  precaution 

was  taken  in  making  the  observations,  the  details  of  which  must  neceiaarily 

be  omitted  in  an  abstract. 

The  method  employed  was  an  amplification  of  Weber's  second  method 
(see  Journal,  No.  48,  abstract  p.  407)  as  used  by  Kohlrausch.  The  only 
measurements  of  the  dimensions  of  coils  which  had  to  be  made,  were  those  of 
one  layer  of  a  large  tangent  galvanometer,  so  that  the  objections  brought 
forward  by  Wiedemann  on  this  score  did  not  hold.  The  chief  source  of 
uncertainty  in  the  author's  method  is,  that  the  square  of  the  horizontal 
component  of  the  earth's  magnetism  enters  into  the  calculation.  However 
while  in  Weber's  plan  it  appears  in  the  numerator,  in  the  author's  it  appears 
in  the  denominator ;  so  that  by  a  combination  of  the  two  methods  of  obser- 
vation  made  at  the  same  place,  the  value  of  the  horizontal  component  might 
be  eliminated. 

The  general  scheme  of  the  method  is  as  follows : 

Let  g  be  the  moment  of  rotation  of  unit  current  on  the  magnet  of  the 
galvanometer,  h  the  moment  of  inertia  of  the  niagnet,  T^,  its  time  of  oscil- 
lation when  the  circuit  is  open,  \  and  Ao  the  logarithmic  decrement  for  the 
absolute  resistance,  w,  of  the  circuity  arid  with  the  galvanometer  on  open 
circuit,  then 


"-'-ebx/m--} 


If  the  deflection  for  the  constant  current  i  is  ^  in  absolute  angular  measure, 
and  if  we  put  ^  -  J)  s  then  for  very  small  deflections  jp  is  a  constant  which 
depends  upon  q  by  the  equation 

T! 


o 


The  principle  of  the  method  is  the  determination  otp  by  comparison  with  a 
tangent  galvanometer;  and,  viewed  in  this  light,  it  may  be  looked  upon  as  a 
modiflcation  of  Weber's  third  method. 

For  this  purpose  the  tangent  galvanometer  with  n  convolutions  of  mean 
radius  B  is  connected  up  in  the  circuit  of  the  main  current  I,  which  divides 
itself  between  a  resistance  w^  and  the  branch  containing  the  mirror  galvano- 
meter,  and  having  a  total  resistance  Wg,  Let  H  be  the  horizontal  component  of 
the  earth's  force,  0  the  deflection  of  the  tangent  galvanometer,  ^  that  of  the 
mirror  galvanometer,  then 

T        HR    .        ^ 
'-271*^^ 

-•  -        ^'^       .1 


Finally,  if  the  resistance  w  in  the  first  equation  equals  W  Siemens  units,  and 
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if  one  SSemens  unit  equals  0*  al)8olate  niiit8,by  elimination  we  obtaiii  the  final 
eqtiation: 

2 «« ii>  ^      fysg  +  tOn  \  s  K 


H*  BS        tan.  0* 


-'.-wm-'-'\ 


This  equation  shows  how  9  depends  on  the  several  quantities  to  he 
measured,  and  what  measurements  are  necessary. 

Before  beginning  the  obseryations,  H  has  to  be  determined  for  the  place 
where  the  tangent  galvanometer  is  set  up,  also  the  same  thing  has  to  be  done 
for  B  and  K.    Of  the  several  resistances,  it  is  necessary  to  know  the  ratio 

^*/^#.  ^^^  ^  i^  Siemens'  units.  The  observations,  properly  so  called,  are  the 
comparison  of  the  mirror  with  the  tangent  galvanometer,  the  determination  of 
the  time  of  oscillation  and  of  the  logarithmic  decrement  for  four  different 
resistances.  In  all  cases  several  series  of  such  observations  were  made,  and 
the  mean  values  only  were  used  in  the  calculations. 

The  corrections  to  be  taken  account  of  were  the  dependence  of  the  sensi- 
bility and  damping  of  the  galvanometer  needle  on  the  amplitude,  the 
influence  of  the  extra  current,  the  true  position  of  the  needle  of  the  tangent 
galvanometer,  etc. 

In  consequence  of  these  corrections,  the  last  equation  given  above  was  not 
used  for  the  calculations,  but  the  corrections  were  introduced  into  each  step 
of  the  measurements,  leading  finally  to  the  equation 

2t;h«  n 

where  H  refers  to  the  horizontal  component  of  the  earth's  force,  p^  H  to  the 
galvanometer  and  earth's  force  jointly,  K  is  the  moment  of  the  inertia  of  the 
magnet.  To  its  time  of  oscillation,  and  o  refers  to  the  logarithmic  decrement 
and  damping. 

The  following  table  gives  the  valuei  obtained :— 


Dsie. 

J'oH. 

H. 

Temp. 

T. 

0 

<r=10»«  X 

Diflbrenea. 

Jan.  9 ... 

19062 

1-9868 

11-86 

12-4851 

0-48712 

0-94834 

+  0-00009 

April  3... 

19-047 

1-9888 

10*80 

12-4903 

0-48697 

0-94852 

+  0-00027 

„    4r.., 

19-050 

1-9878 

10-65 

12-4780 

0-48684 

0-94798 

-0-00027 

„    0  ... 

1905} 

1-9876 

10-84 

12-4789 

0-48681 

0-94807 

-  000018 

„   12  ... 

19-055 

1-9895 

11-02 

12*4744 

0-48687 

0-94865 

+  000040 

„  15 ... 

19-055 

1*9881 

11*42 

12-4799 

0-48672 

0-94797 

-0*00088 

„   16 ... 

19-049 

1-9880 

11*75 

12-4807 

0-48622 

0-94887 

+  0H)0012 

„  18... 

19061 

1-9867 

11-80 

12-4858 

0-48655 

HXAX 

0-94812 

-0-00018 

0-94825 

+  0*00022 

The  mean  value  of  K  at  12®  temperature  was  found  to  be  1-70926  X  10*  9 
and  the  alteration  for  V*  -  00000574  X  lO*- 
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The  observations  were  carried  out  in  a  large  vaulted  room  in  the  Uni- 
versity of  Breslau,  and,  to  avoid  all  disturbances,  between  9  o'clock  at  night 
and  1  o'clock  in  the  morning. 

The  time  was  measured  by  a  very  accurate  clock  with  a  compensation 
pendulum,  which  was  standardised  by  the  clock  of  the  Breslau  Observatory. 
All  measurements  of  length  were  made  with  rods  directly  compared  with  the 
standards,  and  due  allowance  for  effects  of  temperature  were  made.  The 
scales  were  made  of  glass,  and  were  each  nearly  one  m^tre  long.  The  distances 
from  the  galvanometer  mirrors  to  the  scales  were  read  by  means  of  microscopes 
with  crossed  fibres.  The  observations  were  so  arranged  that  a  series  of  gal- 
vanometric  measurements  alternated  with  determinations  of  the  earth's  force; 
and  for  these  latter  the  magnetometer  was  set  up  exactly  in  the  position  which 
would  be  occupied  by  the  tangent  galvanometer.  A  brass  wire  fastened  to  the 
ceiling  carried  the  torsion  circle,  the  mirror,  and  the  boat  in  which  was  laid 
the  magnet.  The  remaining  parts  of  the  magnetometer  stood  on  a  long  solid 
table.  The  greatest  care  was  taken  in  determining  the  earth's  force  to  remove 
all  masses  of  iron  from  the  neighbourhood  of  the  magnetometer.  The  principal 
magnet  used  was  258*6  mm.  long,  had  a  diameter  of  80-6  mm.,  and  weighed 
681*852  grammes. 

The  tangent  galvanometer  was  one  of  Meyerstein's,  adapted  for  the  purpose. 
On  the  strong  copper  ring  of  the  instrument  were  wound  four  convolutions  of 
a  copper  wire  of  1  mm.  diameter,  carefully  insulated  with  paraffined  cotton  to 
a  diameter  of  1*8  mm.  The  mirror  galvanometer  was  of  the  pattern  proposed 
by  Kohlrausch,  and  had  276  convolutions  of  8  mm.  copper  wire  arranged  in  12 
layers. 

r.  HZEKOLX1B&— OK  THE  BELATION  BETWEEN  THE  EJ^F.  OF 
A  BEYEBBIBLE  BATTEBY  AND  THE  PBESSUBE  EXEBTED  ON 
THE  MQUIDB  IN  IT. 

(Annoltffi  dor  Phyiik  wnd  ChmiU,  B.  XVIIL,  H.  8,  No.  8, 1888,  p.  429.) 

That  there  is  some  connection  is  evident,  if  we  reflect  that  the  liquid  in  a 
cell  is  the  less  compressible  the  more  salt  it  holds  in  8olutio;n.  Suppose  that 
the  passage  of  the  current  produces  a  salt  in  the  cell,  at  the  same  time  that  a 
high  pressure  is  exerted  on  the  liquid,  then  on  account  of  the  newly  formed 
salt  the  liquid  will  acquire  a  greater  elasticity,  and  will  expand  and  thus  do 
work.  This  work  is  not  done  if  the  liquid  is  not  suljected  to  a  high  pressure. 
On  account,  therefore,  of  the  work  of  expansion,  the  E  JkU.  must  be  less  with 
a  high  pressure  than  under  the  normal  atmospheric  pressure,  at  least  with 
single  fluid  cells. 

Such  a  reversible  element  is  the  one  constructed  by  Helmholtz,  in  which 
the  anode  consists  of  calomel  on  mercury,  and  the  kathode  of  amalgamated 
zinc  in  a  solution  of  chloride  of  zinc.  If  with  such  a  cell  the  original 
E.M  J*,  under  normal  pressure  is  E«,  then  the  E  JLF.  at  any  other  pressure  may 

be  found  firom  the  equation, 

V*qh(l  +  ?i),    d^ 
E|  -Eo- 5^g Xjji. 
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in  which  P  i«  the  pressnrei  q  the  quantity  of  salt  deposited  per  lecond,  h  is  the 
ratio  of  the  weight  of  the  water  in  the  cell  to  the  weight  of  the  salt,  8  is  the 
specific  gravity  of  the  solution,  and  jii  is  a  constant  dependent  on  the  degree  of 
concentration. 

It  will  he  seen,  therefore,  that  theE.M.F.  at  the  higher  pressure.is  less,  and 
that  the  decrease  is  proportional  to  the  square  of  the  pressure. 

As  a  second  example,  the  author  considers  the  case  of  a  reversible  cell  with 
one  fluid,  the  electrodes  being  of  the  same  metal,— for  example,  copper  plates 
in  sulphate  of  copper,— but  the  solution  at  the  anode  less  concentrated  than  at 
the  kathode.  Then,  according  to  Helmholtz,  a  current  passes  through  the 
liquid  firom  the  less  concentrated  to  the  more  concentrated  solution. 


r.  SOBZAAU80S  —  OK  A  METHOD  OF  DETEBMIKINa  THE 
EFFECTIVE  ABEA  OF  A  COIL  FBOM  GALVANIC  HEASUBE. 
MENTS. 

(AnnoZan  d$r  Phytih  und  ChimU,  B.  ZVIU.,  fl.  4,  No  4^  1888,1).  <^18.) 

The  ordinary  method  of  finding  the  area  of  a  coil  from  its  dimensions, 
the  number  of  convolutions  of  wire,  and  the  total  length,  can  no  doubt  lead 
to  sufficiently  correct  results ;  but  whether  the  true  effective  area  can  thus  be 
determined  with  great  accuracy  is  open  to  doubt.  It  has  been  objected  that 
the  upper  layers  place  themselves  in  the  hollows  of  the  lower  ones,  and  that 
the  upper  layers  compress  the  lower  ones.  Also,  it  is  not  possible  to  verify  any 
changes  which  may  take  place  in  the  coil  in  course  of  time  without  unwinding 
and  rewinding,  which  naturally  destroys  the  coil. 

One  of  the  objects  of  measuring  the  effective  areii  of  a  coil  is  the  calcula- 
tion of  the  action  at  a  distance  of  a  current  traversing  the  coil.  It  is  obvious, 
therefore,  that  from  the  measured  action  at  a  distance  of  the  coil  its  area  can 
be  determined. 

The  action  of  the  coil  on  a  magnet  can  be  compared  in  known  ways  with 
the  horizontal  intensity  of  the  earth's  magnetism.  A  current  can  also  be 
compared  with  the  horizontal  intensity  by  means  of  a  tangent  galvanometer 
in  the  way  first  described  by  Weber  i  so  that  the  measurement  of  the  area  of 
a  coil  is  reduced  to  the  measurement  of  a  tangent  galvanometer,  if  the  same 
eurzent  traverses  both.  There  need  be  no  difficulty  in  obtaining  the  measure- 
ments of  the  tangent  galvanometer,  since  it  may  be  constructed  with  only  one 
convolution,  or  at  most  with  only  one  layer  of  wire. 

The  following  is  the  general  description  of  the  method  i-^ 

One  and  the  same  current  flows  through  both  the  coil  and  the  tangent 
galvanometer.  The  axis  of  the  coil  should  be  placed  east  and  west,  and  with 
its  centre  at  a  distance,  a,  from  the  needle  of  the  galvanometer.  The  centre  of 
the  coil  may  be,  Ist,  east  or  west  of  the  needle  (first  position),  or,  2nd|  north  or 
south  of  the  needle  (second  position). 

Let  I  be  the  strength  of  the  current,  ^  the  defiection  of  the  needle,  M  its 
magnetic  moment,  B  the  radius  of  the  galvanometer,  A  the  eflbctive  area  of 
the  coil. 
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The  force  exerted  on  the  needle  of  the  galvanometer  hy  the  current  is 

i  -01     ■  m^-    COS,  0„,       ...        ,,,       •»•        ,„       ,,,        (Ij 

In  the  first  position  the  action  of  the  coil  on  the  needle  is 

2  I M^ --— —  COS.  0     •    (2) 

in  the  second  position  the  coefficient  2  is  wanting. 

The  action  of  the  earth's  magnetism  and  of  the  suspension  on  the 
needle  is  —  CM  sin.  ^ (8) 

The  deflection  ^  is  produced  by  the  joint  action  of  the  current  in  the  ring 

of  the  galvanometer  and  in  the  coil ;  if  the  current  only  traverses  the  former, 

we  shall  have  a  deflection  4>i, which  is  to  be  considered  negative,  in  case  it  ii 

in  the  opposite  direction  to  a. 

/A       2»\ 
We  then  have  C  tan.  ^  •■  l*  a»  **"  "E"  J  "^ 


and  Ctan.^i«  {^  ^-^)^ 


oAw    tan.  ^  +  tan.  ^> 
whence   A  -  -g-  .  tan.  ^p  —  tan.  <pi    W 

In  the  second  position  the  expression  on  the  right  side  of  (4)  must  be  multi- 
plied  by  2.  This  formula  holds  good  on  the  assumption  that  a  is  so  large  that 
the  dimensions  of  the  coil  do  not  need  to  be  taken  into  account. 

The  author  considers  the  various  corrections  to  be  introduced  if  the  above 
assumption  is  not  made,  and  arrives  at  the  more  accurate  equation, 

oSjr     tan.  ^  +  tan.  ^      1  +  c  +  f 
■■    K  "*■  tan.  ^  -r  tan.  if^  ^     1  -  J 
The  following  equations  determine  the  values  of  €,  (,  and  «:— 
To  find  S  :-^et  I  be  the  length  of  the  coil,  rp  and  n  its  inner  and  outer  radil^ 
and  put  rl  -  r*  rl  ^  A 

«i  -  ♦"o  ^  —  r; 

In  1st  position 

-Hf"-i°-)*KK"->'*S^)- 

In  2nd  position 

To  find  c:— let  h  be  the  breadth,  h  the  thickness  of  the  galvanometer-ring; 

then  1  M      1  bs 

*"  6  E«  "8  U\^'^^* 
where  i;  is  a  correction  for  the  conducting  wires. 

To  find  f :— let  ^  be  the  length  of  the  needle,  and  d  its  diameter,-  then 
In  lit  position 

f-^^+013^;   orC-|~  +  (M2||. 
In  2nd  position 

C-  -^  +  018  Hi  5  »••  f  -  -  -3  5S  +  »-12  jji-. 
In  conclusion,  the  author  considers  some  practical  details  of  the  method, 
and  gives  the  particulars  of  a  determination  of  the  area  of  the  original  earth 
inductor  of  Weber. 
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B.  XmrZ-^FFEOT  OF  PBESBUBE  ON  THE  EESIBXAKGE  OF 

MERCUBY. 

{BetbUtter,  B.  71.,  8t.  10,  p,  802.) 

A  thermometer  tube,  1-2  m.  long,  was  widened  out  at  either  end  into  two 
caps,  and  was  filled  with  perfectly  pure  mercury  which  had  been  thoroughly 
dried  and  freed  from  air.  The  current  was  conducted  to  the  cups  by  means  of 
platinum  hooks.  The  tube  was  placed  in  a  piezometer,  in  which  a  pressure  of 
60  atmospheres  could  be  attained,  and  which  was  surrounded  with  ice.  Two 
platinum  wires  connected  the  platinum  hooks  with  the  binding  screws  of  the 
piezometer.  The  resistances  were  measured  by  the  Wheatstone  bridge  method, 
with  a  sine  galvanometer  of  Kohlrausch,  and  an  electro-dynamometer. 

The  resistance  of  the  copper  wires  could  be  neglected,  that  of  the  platinum 
wires  varied  from  0'48  ohm  to  0*256  ohm,  according  to  the  diameter.  The 
resistance  of  the  mercury  column  was  about  7*11  ohms.  On  increasing  the 
pressure  from  0  to  60  atmospheres,  the  resistance  decreased  by  0*02  per  cent. 
per  atmosphere.    The  decrease  is  very  nearly  proportional  to  the  pressure. 

If  the  tube  is  filled  by  means  of  Weinhold's  distillation  apparatus  in 
vacuum,  the  resistance  in  the  first  place  is  0*12  per  cent,  smaller  than  if  it 
is  filled  by  sucking  in  the  mercury. 


[—HEAT  DEVELOPED  BY  A  VABIABLB  CUBBENT. 
BLASEBVA— I(2m. 
(BeihliUw,  B.  VI,,  8t  12,  p.  958.) 

The  former  author  has  measured  the  sum  of  the  total  heat  effects  of  the 
primary  current  of  an  induction  coil  during  a  certain  time  of  its  variable  con- 
dition, and  of  the  extra  current  in  the  same  direction.  The  experiments  were 
made  by  cutting  out  the  battery  and  replacing  it  by  an  equal  resistance  by 
means  of  Felici's  commutator.  The  results  observed  agree  very  well  with  the 
values  obtained  by  calculating  the  strength  of  the  current  ft-om  Helmholtz's 
formula,  and  then  the  quantity  of  heat  developed  from  Joule's  formula,  thus 
showing  that  Joule's  law  holds  good  also  for  the  variable  period  of  an  induced 
current. 

Blasema  adds  the  remark  that  oscillatory  charges  might  considerably 
prejudice  the  simplicity  of  this  phenomena  if  the  strength  of  the  current  were 
measured  as  a  function  of  the  time  at  individual  moments. 


a  rOVSSBSSAU— THE  ELEOTBIGAL  BESISTANCE  OF  GLASS  AT 

LOW  TEMPEBATUBES. 

(Compfes  BenduSf  T,  95,  No,  6, 1682,  p.  216). 

A  very  small  teat  tube,  about  1  to  2  cm.  in  diameter,  and  closed  at  one 
end,  is  placed  within  a  second  wider  test  tube.  The  inner  tube,  as  well  as  the 
space  between  the  two,  is  filled  to  a  known  height  with  concentrated  sulphuric 
acid,  into  which  dip  two  platinum  wires,  which  are  carefully  kept  from 
touching  the  surface  of  the  tubes  above  the  acid.    The  whole  is  surrounded  by 
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a  glan  yenel,  the  air  in  which  is  thoronghly  dried  by  the  acid  before  begiiming 
the  experiment. 

The  apparatos  is  placed  in  an  oil  bath,  itself  sorronnded  by  a  sand  bath 
or  by  a  refrigerating  mixture,  so  as  to  allow  of  any  desired  temperature  being 
maintained. 

One  of  the  platinum  wires  is  in  connection  with  a  battery  of  1  to  100  cells, 
and  the  other  is  connected  to  a  condenser  of  known  capacity,  the  two  poles  of 
which  are  joined  to  the  two  mercury  cups  of  a  Lippmann  electrometer,  also  of 
known  capacity.  The  time  is  then  observed  which  is  required  to  produce  & 
displacement  of  the  mercury  column  of  the  electrometer,  corresponding  to  & 
determined  difference  of  potential. 

If  E  is  the  E.M.F.  of  the  battery, 

pi  and  ps  the  interior  and  exterior  radii  of  the  test  tube, 

h  the  height  of  the  acid, 

0  the  sum  of  the  capacities  of  the  electrometer  and  condenser, 

6  the  difference  of  potential  shown  by  the  electrometer, 

r  the  specific  resistance  of  the  glass  per  cubic  centimetre, 
and  allowing  that  the  quantity  of  electricity  transmitted  through  the  glass  in 
the  time  $  has  charged  the  condenser,  then  we  haye 

r- — x« 

Celog^fL 

At  the  moment  of*  completing  the  circuit,  the  test  tube  is  charged  like  a 
Condenser.  The  inner  layers  gradually  absorb  the  electricity  necessary  to 
bring  them  to  the  state  of  strain  corresponding  to  the  fall  of  potential  between 
the  two  surfieices.  The  obsenrations  are  not  commenced  until  this  state  is 
reached. 

The  experiments  were  made  with  three  kinds  of  glass,  and  led  to  the 
conclusion  that  the  resistance  could  be  expressed  by  the  general  equation, 

log.  x«a  —  bi-»-e<*. 

1.  Tot  ordinary  soda-lime  glass  of  a  density  2*689,  the  following  results 

were  obtained,  the  figures  representing  millions  of  meghoms  :— 

Temperature,  Beelsfeuioe. 

■».  61-2  ...  0706 

+  20  ...  910 

-  17  ...  7970-0 

and  the  general  equation  becomes 

log. 0  «  800507  —  0*062664 i  +  0*00000878 i> 

2.  The  hard  Bohemian,  or  potash-lime  glass,  density  2-481,  experimented 
with,  was  10  to  15  times  a  better  conductor  than  the  aboye  ordinary  glass.  The 
resistance  is  found  from  the  equation 

log.  0  -  1*788  *  0-04958  t  +  0-00007X1  it 

8.  Flint,  or  potash-lead  glass,  density  2*988,  has  a  resistance  1,000  to  1,600 

greater  than  ordinary  glass.    It  only  begins  to  show  signs  of  conductibility 

aboye  40°  G. :  at  46*2  its  resistance  is  6,182  million  megohms ;  at  106°,  11*6.    Its 

equation  is 

log.  X  -  7*2287  ^  0*068014 1  >  0*00028072  P- 
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FOBMATION  OP  THE  LEAD  PLATES  OF 
8EG0NDABY  BATTEBIES. 

(Cmpiei  Senduif  T.  95,  No.  9, 1882,  p.  418.)' 

Li  the  chemical  actions  which  result  in  these  batteries,  the  author 
remarked  that  a  portion  of  the  peroxide  of  lead  was  converted  into  sulphate 
of  lead  by  the  action  of  the  dilute  sulphuric  acid ;  an  observation  which  has 
been  confirmed  by  the  studies  of  Gladstone  and  Tribe.  He  sought  to  increase 
the  storage  capacity  of  the  cells^  by  producing  beforehand  a  galvanic  deposit 
of  lead  on  the  electrodes,  so  as  to  allow  of  the  oxidising  action  of  the  primary 
current  penetrating  more  deeply  into  the  substance  of  the  lead  plates.  After 
trying  unsuccessfully  the  effect  of  various  lead  compounds,  the  author  came  to 
the  conclusion  that  the  best  method  was  to  transform  the  substance  of  the 
plates  themselves  on  the  one  into  peroxide  of  lead,  and  on  the  other  into 
reduced  lead,  by  frequent  changes  in  the  direction  of  the  charging  current, 
alternating  with  periods  of  rest. 

Admitting  that  only  half  the  thickness  of  the  plates  is  acted  upon,  and 
^en  that  the  peroxide  is  only  reduced  to  protoxide,  it  would  be  quite  reason* 
able  to  hope  to  obtain  a  discharge  current  sufficient  for  the  deposition  of  74 
grammes  of  copper  per  kilogramme  of  lead  in  the  secondary  battery.  (This 
would  correspond  to  more  than  222,000  coulombs.) 

The  ^stem  of  reversals  in  the  direction  of  the  current^  not  only  increases 
the  successive  layers  of  peroxide  on  one  plate,  but  also  transforms  the  other 
plate  to  a  corresponding  depth  into  lead  galvanlcally  reduced,  so  that^  when 
the  discharge  takes  place,  whilst  the  hydrogen  which  results  from  the  decom- 
position of  the  water  reduces  the  peroxide  formed  by  the  primary  current,  the 
oxygen  combines  at  the  same  time  with  an  equivalent  quantity  of  lead. 

It  is  easy  to  see  that  the  intervals  of  rest  are  beneficial  for  the  formation 
of  the  plates,  since  when  thus  modified  they  are  less  good  conductors.  When 
they  are  again  subjected  to  the  action  of  the  primary  current,  this  current 
follows  the  line  of  least  resistance :  it  does  not  pass  to  the  liquid  through  the 
oxidised  surface,  but  through  the  underlying  metallic  surface  which  is  in 
contact  with  the  liquid  through  the  spongy  upper  layer.  It  thus  oxidises  a 
second  layer  of  metal  at  the  same  time  that  it  peroxidises  the  upper  layer  of 
protoxide* 

This  process  requires  a  considerable  time;  but  the  author  has  found  that  the 
formation  can  be  considerably  expedited  by  raising  the  temperature  of  the  liquid. 
This  method,  however,  is  attended  with  practical  difficulties,  and  the  preferable 
plan  is  to  leave  the  plates  for  24  to  48  hours  immersed  in  a  solution  of  nitric 
acid  (half  water,  half  acid).  The  action  of  the  dilute  nitric  acid  renders  the 
plates  more  porous,  and  so  develops  a  larger  surface  for  the  subsequent  action 
of  the  current* 

It  has  been  found  that  plates  thus  subjected  to  the  action  of  nitric  acid, 
and  then  charged  three  or  four  times  in  opposite  directions,  can  give  in  a  week 
a  current  which  could  only  be  produced  after  several  months'  formation  if 
the  nitric  acid  treatment  were  not  applied. 
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G.  rOUSSSBSAU— EFFECT  OF  TEMPEBIKa  ON  THE  ELECTBIOAIj 

BE8IBTAN0E  OF  GLASS. 

(Oomptei  Rendus,  T.  96,  No,  12, 1883,  p,  785.) 

The  author  made  a  series  of  observations  on  the  above  effect  by  the 
method  described  in  a  preceding  abstract,  using  Lippmann's  electrometer. 
The  specimens  used  were  in  the  form  of  small  cups,  cylindrical  or  slightly 
coniccd  in  shape,  the  two  surfaces  of  which  were  in  contact  with  the  sulphuric 
acid  in  the  apparatus.  For  temperatures  higher  than  80°  0.,  mercury  was  used 
instead  of  the  acid,  as  it  was  found  that  the  fumes  of  the  latter  gave  rise  to  a 
conducting  film  on  the  glass. 

After  a  preliminary  series  of  observations  on  the  tempered  specimen,  it 
was  buried  in  a  sand  bath,  which  was  kept  for  a  fixed  time  at  any  desired 
temperature,  and  the  little  glass  cup  was  then  allowed  gradually  to  cool. 
When  cooled,  a  second  series  of  observations  was  made  under  the  same  con- 
ditions as  the  first.  The  time  required  to  charge  a  condenser  to  a  known 
difference  of  potential  might  then  be  taken  as  a  measure  of  the  resistance  of 
the  specimen. 

The  following  results  were  arrived  at  :— 

1.  Tempering  diminishes  considerably  the  electrical  resistance  of  different 
glasses. 

This  was  most  marked  in  the  case  of  fiint  glass  (potash-lead).  Two  speci- 
mens, one  of  which  had  been  tempered  and  the  other  not,  were  heated  together 
to  the  same  temperature,  and  then  allowed  to  cool,  when  it  was  found  that 
the  resistance  of  the  specimen  which  had  heen  previously  tempered  had 
increased  tenfold,  while  the  resistance  of  the  un tempered  specimen  had  hardly 
changed,  thus  clearly  showing  that  the  original  tempering  had  considerably 
reduced  the  resistance. 

2.  A  moderate  reheating,  which  would  only  partially  suffice  to  get  rid  of 
the  elasticity  due  to  the  previous  tempering,  only  partly  destroys  ita  action  on 
the  resistance. 

8.  The  resistance  of  a  piece  of  glass  newly  reheated  continues  to  increase 
slowly  during  some  length  of  time,  as  if  it  approximated  to  a  definite  state  of 
equilibrium.  The  resistance  of  a  piece  of  glass,  whether  it  has  been  tempered 
or  not|  which  has  not  been  reheated,  remains  constant. 


0.  rBOHLXCB— THE  APPABENT  BESISTANCE  OF  THE 

ELEOTBIO  ABO. 

(BlektroUehniselie  ZtiUehrift,  B.  IV,,  B,  4,  Apnl,  1883,  |).  150.) 

The  question  whether  the  electric  arc  has  a  counter  EJtf .F.  or  not  has 
been  frequently  raised,  and  attempts  have  been  made  to  settle  it  experi- 
mentally.   The  author  is  not  satisfied,  however,  that  the  existence  of  such  an 
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E.M^.  has  yet  been  demonBtrated.  It  has  also  often  been  laid  down  that  the 
difference  of  potential  of  the  arc  has  a  yalae  which  is  nearly  constant^  and  is 
about  equal  to  60  volts.  That  this  law  is  not  exactly  correct  appears  at  once, 
since,  according  to  it,  the  electrical  properties  of  the  arc  must  be  independent 
of  its  length.  This,  however,  is  contradicted  by  the  fact  that  with  a  constant 
current  the  resistance  of  the  arc  increases  with  the  length. 

The  resistance  of  the  arc  is  the  ratio  of  the  difference  of  potential  of  the 
two  carbons  to  the  current;  this  may  be  termed  the  « apparent"  resistance, 
and  may  include  a  counter  E  Ji.F.  The  apparent  resistance  of  the  arc  depends 
on  the  current  and  on  the  length  of  the  arc,  and  a  large  number  of  ezperi- 
ments  have  been  made  by  the  author  to  determine  this  dependence. 

It  is  difficult  to  find  the  law  for  the  apparent  resistance,  since  it  rests  on 
two  independent  variables.  From  the  experiments  a  curve  was  constructed, 
and  from  this  curve  it  appears  certain  that  the  difference  of  potential 
increases  with  the  length  of  the  arc,  and  that  this  increase  is  continuous. 

If,  therefore,  S  is  the  difference  of  potentials,  L  the  length  of  the  arc,  and 
a  h  coefflcientSi 

S  M  a  4*  &  •  li*       •••    •••    •••     •••    •••    ••!    (1^ 

Or,  if  L  is  expressed  in  mm.  and  S  in  volts, 

8  -r  89  +  1-8  L. 

The  apparent  resistance,  B,  of  the  arc  is  obtained  by  dividing  8  by  the 
current:  thus, 

a  L 

a  ^  T"  "T  0  %  "Y      ••#    •••    •••    •••    •••    •••    \#}j 

or,  in  figures, 

B  -  ^  +  1-8  Y 

The  values  calculated  from  these  formulas  agree  very  closely  with  the 
actual  experimental  values,  as  is  shown  in  an  exhaustive  table. 

The  question  arises  whether  from  these  formults  it  can  be  seen  if  the 
resistance  of  the  arc  is  a  true  resistance,  or  of  the  nature  of  a  polarisation.  Let 
P  be  the  counter  £  JI.P.,  or  polarisation  caused  by  the  passage  fh)m  the  carbon 
to  the  arc,  and  from  the  arc  to  the  other  carbon,  K  the  coefficient  of  conduc* 
tivity,  Q  the  cross-section  of  the  arc ;  then 

S  =  P  +  ^       ^ 

,      P       I       L         J^W 

On  the  other  hand,  if  U  is  the  true  resistance,  then 

U       XL  ^^^> 

On  comparing  formulss  (a;  and  (&)  with  (1)  and  (ji),  derived  firom  experi- 
ment|  it  is  apparent  that  they  can  accord  only  on  the  hypothesis  that  the  area 
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of  cross-seotion  of  the  arc  is  proportional  to  the  current.    If  this  ii  accepted, 
and  we  pat  Q  »  e  I,  then  we  get 


S-P^^^L 
^       P        1   L 

^-r+K~cT 


(at) 


U 
e 

U        1   L 

c1 


S-^+K^^ 


»-cT+e:cT 


(6t) 


equation!  which  agree  with  (1)  and  (2). 

To  determine  the  coefficients  a  and  b,  it  is  evident  that  if  we  put  e  —  1, 
i^^  the  cross-section  for  unit  current  equal  to  unity,  a  may  be  regarded  as 
the  value  of  the  polarisation,  or  of  the  resistance  for  unit  cross-section,  whilst 
h  will  he  the  reciprocal  of  the  coefficient  of  conductivity  of  the  arc. 

From  the  experiments,  however,  it  is  not  clear  which  hypothesis  is  correct^ 
since  both  will  satisfy  the  equations. 

The  difference  of  the  appearances  at  the  two  carbons,  and  the  fact  that  a 
fixed  minimum  EMJF,  is  required  to  produce  an  arc,  are  in  favour  of  the  theory 
of  polarisation ;  while,  on  the  other  hand,  there  is  opposed  to  it  the  &ct  that 
the  values  found  independently  for  such  polarisation  are  about  ten  times  greater 
than  any  other  known  form  of  polarisation. 

From  the  equations  (1)  and  (2)  follows  that  the  work  done  in  the  aio 
W-SI-Ca-i-bL)!,  and  it  is  therefore  proportional  to  the  curzent^  and 
therefore  so  also  is  the  illuxuinating  power. 


L.  80BVCKB— ON  THE  MAXIMUM  VALUE  OF  THE  EFFIdENOY  IN 
THE  ELBOTBIOAL  TRANSMISSION  OF  POWEB. 

(Elektroiechniiclis  Zeitiekrift,  B.  IT.,  H.  4,  April  188S,  p.  159.) 

The  work  expended  on  the  driven  machine,  and  r^^ned  ftom  the  driving 
machinei  are  respectively,  adopting  Frohlich's  equations, 

Ai  -  «  El  I  +  j)i  Ef 

and  Ag-eEsI— J»|E{, 
where  Ai  and  As  are  expressed  in  horse-power,  Ei  and  Eg  in  Daniells,  and  I  by 

the  ratio  ^^ unitf  while  e  is  a  constant  which,  according  to  Kohlrausoh, 

has  the  value  0*00181,  and  pi  and  ps  are  the  constants  of  the  Foncault  currents. 

El     mm    Vim 

By  introducing  Ohm's  law,  I  -       ft     <  ^^®  above  equations  become 
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where    Ki  «  ^ .  and  Ks  -  ^.  Hence  the  effioiency  will  be 

0  c 

N  -  :^  «  fLUil!? 
where  4r-^,ai-l  +  KiB,<ii-l  +  K^  B. 

This  valae  of  N  is  a  mazimiim,  when 

0  -  'y/ ^  (>/«!««  -  >/«iai  -  l) 

and  its  value  then  will  be  

N«afc  -  (>/ai«i  -  >/oi  Of  -  l)P 
If  the  constant!  Ki  and  Kt  of  the  Foucaolt  correnti  are  alike  f6r  the  two 
machines  (t^.,  Ei  «  Ef  —  K)  as  is  frequently  the  case 

N««.  -  (i  +  KB  -v'^^ETT  v^mmV 


(^/^^?-  ^/¥)' 


There  is,  however,  a  reason  for  the  actual  efficiency  coming  out  higher 
than  the  value  deduced  from  the  formula,  and  this  is  the  heating  of  the  iron 
of  the  machine.  The  constant  K  is  formed  from  a  series  of  terms,  the  denomi- 
nator of  which  contains  the  resistance  of  an  iron  wire,  so  that  the  specific 
resistance  of  iron  always  occurs  in  the  denominator  of  K.  This  resistance 
increases  with  the  temperature,  hence  K  must  decrease,  and  therefore  the 
Tnf^yiTnntn  efficiency  is  increased.  Of  course  the  rise  in  temperature  causes  an 
increase  in  the  value  of  B,  and  therefore  a  decrease  in  K^^  ;  yet  this  decrease 
it  always  less  than  the  increase  of  E,  since  the  copper  wire  can  cool  more 
rapidly.  The  effect  of  the  heating  of  the  armature  is  not  small.  The  specific 
resistance,  «9,  of  iron  at  the  temperature  i  is 

to  .  wo  (1  -f.  0-004A  i) ; 
if,  then,  loi  is  the  spedflc  resistance  at  the  temperature  i  -^  r,  then 

wi  0-0042  T 


w       *  ^  1  +  0-0042  * 
From  this  value  of  wi  would  come  out  a  lower  value  for  K  than  if  the  value  w 
were  used  in  the  calculation,  and  consequently  a  higher  efficiency. 

The  value  of  the  mechanical  return  can  also  be  obtained  ftom  the  above 
equation:  it  is 

This  is  a  r"^'^"'""*  when 

«  —  —  and  then  A«  —       i 
Sofl  4atB 

In  this  case  the  effidenoy 

1  1 

"5~*    2ai  ot  -<  1 


N- 


1      1 


and  is  thus  less  than  i* 
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The  One  Hundred  and  Twenty-tliird  Ordinary  Greneral  Meeting 
of  the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening. 
May  10th,  1883 — ^Mr.  Willoughby  Smith,  President,  in 
the  Chair. 

The  minutes  of  the  last  meeting  were  read  and  confirmed, 
and  the  names  of  new  candidates  announced  and  suspended. 

Donations  to  the  Library  were  announced  as  having  been 
received  firom  Mr.  J.  J.  Fahie  and  Mr.  W.  T.  Glover,  and  a  vote 
of  thanks  was  passed  to  those  gentlemen  for  their  presents. 

The  following  paper  was  then  read  :— 

ON  THE  ELECTRIC  HOLOPHOTE  COUESE-INDICATOB, 
FOE  THE  PREVENTION  OF  COLLISION  AT  SEA. 

By  Mr.  J.  H.  A.  Macdonald,  Q.C.,  Associate. 

Mr.  President  and  gentlemen, — I  dare  say  you  wiU  all  agree 
with  me  that  there  is  no  calamity  which  may  be  placed  in  the 
class  of  preventible  accidents  that  is  so  destructive  of  property 
and  of  human  life  as  collision  at  sea.  And  it  is  much  to  be 
feared  that  the  risk  of  the  occurrence  of  this  terrible  calamity  is 
always  on  the  increase.  The  courses  which  vessels  have  to  steer, 
and  the  channels  through  which  they  are  compelled  to  pass  in 
entering  or  leaving  port,  are  always  becoming  more  and  more 
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crowded  with  shipping.  The  proportion  of  fast-going  steaxn-ships 
to  slow-going  vessels  is  always  on  the  increase.  Everything  that 
human  ingenuity  can  devise  for  the  purpose  of  increasing  speed 
upon  the  sea  is  resorted  to.  Enormous  seagoing  steamers  are 
now  driven  through  the  water  at  a  speed  which  not  very  many 
years  ago  would  have  been  considered  impracticable  even  for  light 
non-seagoing  craft.  The  competition  between  companies  for 
traffic,  results  in  what  is  now  known  as  "  ocean  racing,"  in  which, 
both  in  the  broad  and  in  the  narrow  channels,  the  general  rule  is 
to  put  on  the  highest  speed  possible,  but  never  to  take  off  any  of 
that  speed  unless  there  is  an  absolute  necessity  for  doing  so;  and, 
indeed,  somejbimes  considerable  risk  is  taken  rather  than  have  any 
detention.  The  enormous  size  of  vessels  now  adds  greatly  to  the 
danger,  as  you  will  understand  from  several  causes.  In  the  first 
place,  of  course,  a  vessel  500  feet  or  550  feet  in  length  is  not 
nearly  so  easily  handled  either  in  a  narrow  or  in  a  wide  channel 
as  a  small  vessel.  Then,  again,  a  large  vessel,  from  its  extreme 
length,  offers  a  much  bigger  target  (if  I  may  so  express  it)  to 
anything  that  may  tend  to  strike  against  it  than  a  smaller  vesseL 
Last  and  not  least,  the  larger  the  vessel  the  greater  the  weight, 
and  therefore  the  greater  the  certainty  that  if  she  has  any  way 
on  her  at  all,  and  strikes  anything,  she  will  strike  it  with  crushing 

force. 

Setuming  to  the  question  of  speed  for  a  moment,  it  would 
perhaps  surprise  some  of  the  members  present  to  know  that 
vessels  are  now  being  propelled  through  the  water  at  a  velocity 
which  within  the  memory  of  men  now  living  would  have  been 
thought  very  extravagant  for  a  railway  train.  I  happened 
not  very  long  ago  to  take  up  an  old  volume  of  the  Quarterly 
HevieWf  and  found  a  very  interesting  and  amusing  article  upon 
the  subject  of  railways,  praising  them  and  stating  of  what  use 
they  would  be  to  the  commerce  of  the  country  and  also  to  civili- 
sation, and  then  the  writer  went  on  to  say  something  like  this : 
"  But  what  shall  we  think  of  people  who  are  mad  enough  to  pro- 
pose that  railway  trains  should  actually  be  run  along  the  railroad 
at  a  speed  of  twenty  miles  or  even  thirty  miles  an  hour  ?"  And 
the  writer  goes  on  to  express  the  most  earnest  hope  that  ^^Parlia- 
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ment  in  its  wisdom  would  instantly  suppress  any  such  intention, 
and  limit  the  speed  of  the  railroad  to  twelve  or  fourteen  miles  an 
hour,  and  fix  the  utmost  limit  at  twenty."  Well,  nowadays  twenty- 
two  miles  an  hour  is  not  thought  by  any  means  an  excessive 
speed  to  be  obtained  firom  a  steam  vessel  at  sea.  You  will  see  at 
once  that  two  vessels  going  at  that  speed,  whether  approaching 
one  another  in  a  straight  line  or  at  an  angle,  diminish  the  distance 
between  them  at  the  rate  of  forty-four  miles  an  hour,  or  one  and 
a  quarter  minutes  to  the  mile,  or  just  about  the  speed  of  an 
ordinary  express  train.  It  is  quite  evident  that  with  such  a  speed 
as  that  any  mode  of  signalling  by  which  one  vessel  can  certify  to 
another  what  her  course  is  to  be  ought  to  have  two  characteristics : 
it  ought,  in  the  first  place,  to  be  rapid  in  giving  the  information, 
and,  in  the  second  place,  it  ought  to  be  certain  in  giving  the 
information. 

Our  present  system  is  deficient  in  both  of  these  particulars. 
I  dare  say  you  all  know  the  present  system  perfectly  well,  which 
consists  in  placing  coloured  lights  on  each  side  of  the  vessel — a 
green  light  on  the  starboard  side  and  a  red  light  on  the  port  side, 
with  a  board  shutting  off  each  light  from  the  opposite  side.  It 
is  quite  plain  that  under  such  a  system,  which  regulates  itself, 
if  an  officer  on  the  bridge  of  a  steamer  sees  a  coloured  light  at 
a  distance  of  two  miles,  it  is  quite  impossible  for  him  to  tell 
whether  that  coloured  light  will  remain  presented  to  him.  What 
helm  the  vessel  is  on  at  that  moment  he  cannot  tell ;  but  what- 
ever course  she  may  be  upon  at  that  time,  if  the  officer  in  charge 
changes  his  course,  that  change  will  not  be  communicated  until  the 
vessel  has  come  round  sufficiently  to  shut  out  the  one  light  and 
bring  the  other  into  view.  Well,  now,  just  take  the  present  case  of 
the  two  vessels  approaching  each  other  at  a  joint  speed  of  forty-four 
miles  an  hour :  if  one  vessel  sights  another  at  two  miles  off,  and 
sees  a  coloured  light,  the  time  in  which  they  will  meet  is  exactly 
two  and  a  half  minutes,  and  you  will  at  once  see  how  absolutely 
necessary  it  is  that  any  mode  of  signalling  for  the  purpose  of  one 
vessel  informing  another  of  her  course  should  be  rapid  and  certain. 
This  would  be  so,  even  if  the  curve  of  the  arc  described  by  a  ship 
in  paying  off  were  invariably  the  same.    But  as  the  radius  of  the 
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circle  increases  in  proportion  to  the  speed,  while  the  time  in 
which  the  circle  is  performed  remains  the  same,  it  is  plain  that 
increased  speed  means  increased  danger,  not  only  because  there  is 
leiss  time  for  action,  but  because,  the  curves  described  being  arcs 
of  larger  circles,  the  risk  of  their  cutting  one  another  is  greater. 
[This  was  illustrated  by  a  diagram.]  We  require,  therefore,  more 
power  of  opening  communication  with  a  coming  vessel  than  we  at 
present  have,  and  we  require  more  power  of  giving  distinct  infor- 
mation the  moment  we  do  open  communication.  Well,  I  think 
that  electricity  has  supplied  us  with  both  the  desiderata  that  we 
require.  What  we  want  is  the  means,  by  a  powerful  light,  of 
intimating  the  approach  of  another  vessel,  and,  the  moment  the 
presence  of  that  vessel  is  intimated,  giving  information  what 
course  she  is  on  and  what  course  she  intends  to  hold  to.  Now,  an 
ordinary  electric  arc  light  gives  us  the  very  best  means  of  opening 
communication,  by  early  information  of  the  presence  of  a  vessel, 
because  we  can  have  great  power  in  an  arc  light  and  can  use  it 
undimmed  by  coloured  shades,  which  of  course  make  the  distance 
through  which  the  light  can  be  seen  much  less.  Well,  then,  if  by 
using  that  light  in  any  way  we  can  distinctly  and  clearly  inform 
the  other  vessel  what  course  we  are  on,  undoubtedly  that  would  be 
a  great  improvement  upon  the  present  system.  But  another  thing 
is  absolutely  necessary,  and  that  is  that  the  operation  should  be 
so  automatically  controlled  that  there  should  be  no  conceivable 
possibility  of  a  human  mistake  causing  wrong  information  as  to 
the  course.  Here,  again,  the  convenient  power  we  have  in  elec- 
tricity, of  producing  a  mechanical  result  at  some  distance  firom 
the  point  at  which  the  human  power  puts  the  mechanical  power 
into  operation,  enables  us  to  eflfect  this  very  easily ;  and  my  effort 
has  been,  in  the  instrument  a  model  of  which  I  am  about  to  show 
you,  to  utilise  these  powers  of  electricity  for  the  ends  I  have 
spoken  of. 

The  instrument  consists  of  a  very  strong  reflector,  and  that 
reflector  has  an  arc  light  placed  in  the  middle  of  it.  As  long  as 
the  helm  of  the  vessel  is  amidships,  the  reflector  cannot  be  moved 
at  all,  but  is  held  firm  by  two  pegs,  or  detents.  I  am  now 
pressing  the  handle  of  the  reflector  backwards  and  forwards,  and, 
as  you  see,  am  xmable  to  move  it.     But  if  the  helm  is  moved  fix)m 
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amidships,  an  electric  circuit  is  formed,  which  actuates  an  electro- 
magnet, and  thereby  removes  one  of  the  detents.    Let  it  be 
assumed  that  the  helm  is  ported,  then  the  reflector  is  set  free  by 
the  withdrawal  of  one  detent,  so  that  by  working  the  handle  the 
light  can  be  swept  from  amidships  over  the  starboard  bow — ^that  is, 
over  the  side  of  the  vessel  to  which  she  is  paying  off — and  brought 
back  again  to  midships.     Vice  veraay  if  the  helm  be  starboarded, 
the  reflector  is  freed  from  the  other  detent,  so  that  the  light  can 
be  swept  from  amidships  over  the  port  bow  and  back  again. 
Now,  plainly,  that  is  not  enough,  because  just  as  a  man  driving 
would  give  no  practical  direction  to  another  driver  by  merely 
waving  his  hand  back  and  forward,  so  merely  waving  the  light 
back  and  forward  would  give  no  intelligible  information.   3ut  if 
a  driver  waves  his  hand  frt)m  left  to  right,  and  then  drops  it,  not 
raising  it  till  he  has  got  it  back  to  the  left,  and  then  again  waves 
from  left  to  right,  he  is  at  once  understood.    Now,  to  produce 
practically  the  same  effect  with  the  light^  a  screen  is  hinged  in 
firont  of  it,  which,  as  the  reflector  is  swung  round,  rises  up  and 
shuts  out  the  light  from  view.    The  screen  is  held  in  position  by 
a  small  catch  while  the    reflector    is    being    moved  back    to 
amidships,  and  at  the  instant  it  reaches  that  point  the  catch  is 
pushed  off,  and  the  screen  Mling  down  exposes  the  light,  which 
can  then  be  again  swung  round,  screened  out,  brought  back,  and 
re-exposed,  as  long  as  the  helm  remains  in  the  same  direction. 
The  light  is  thus  immovable  when  the  helm  is  midships,  and  can 
be  swept  only  over  the  starboard  bow  when  the  helm  is  ported — 
only  over  the  port  bow  when  the  helm  is  starboarded.    If  the 
officer  on  deck  signals  to  the  other  vessel,  he  cannot  do  so  other- 
wise than  in  accordance  with  the  helm. 

The  only  other  thing  requiring  to  be  provided  against  is  the 
risk  of  the  reflector  being  carelessly  worked  by  not  completing  its 
sweep  either  .way.  For,  of  course,  if  the  handle  was  not  moved 
round  &r  enough,  the  screen  would  not  be  raised  up  in  front  of 
the  light ;  and,  on  the  other  hand,  if  its  return  swing  was  not 
completed,  the  screen  would  not  &11  off  before  the  commence- 
ment of  a  new  sweep.  The  instrument  is  therefore  provided 
with  two  tell-tale  bells,  by  which  those  on  the  bridge  are  able 
to  check  the  working  of  the  reflector,  and  make  sure  that  it 
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is  being  properly  moved.  One  bell  rings  as  the  outward  sweep  is 
completed  and  the  screen  fixed ;  the  other  as  the  reflector  comes 
amidships  and  the  screen  £edls  off. 

There  is  one  little  improvement  in  this  invention  which  I 
should  mention,  but  which  I  am  unable  to  show  you  to-night. 
You  can  quite  understand  that  an  instrument  of  this  kind,  and 
indeed  any  apparatus  depending  upon  light,  would  be  somewhat 
ineffective  in  foggy  weather.  The  improvement  in  the  arrange- 
ment I  have  made,  to  obviate  the  difficulty  created  by  fogs,  consists 
in  using  two  steam-whistles  which  can  be  shunted  into  action  by 
the  reflector  handle,  one  giving  off  a  succession  of  short  shrill 
notes,  the  other  giving  a  succession  of  deep  long  notes ;  and  this 
arrangement  will  enable  the  signals  to  be  communicated  in  foggy 
weather,  in  supplement  of  the  light,  by  keeping  up  a  succession 
of  shrill  squeaking  or  deep  groaning  notes,  according  as  the  helm 
is  to  starboard  or  port. 

Such,  gentlemen,  is  the  instrument  which  I  have  the  pleasure 
of  bringing  to  your  notice  to-night,  which,  although  it  is  the 
invention  of  a  mere  camp-follower  in  the  grand  march  on  which 
your  science  has  entered,  has  been  most  kindly  and  generously 
received.  Should  it  prove  in  any  degree  useful,  I  shall  be  amply 
rewarded  for  any  trouble  I  have  had  in  devising  it.  But  at  least 
I  shall  always  be  grateful  that  it  has  been  the  means  of  intro- 
ducing me  to  the  association  of  your  Society. 

The  President  :  All  who  have  been  down  to  the  sea  in  ships 
will  bear  out  what  Mr.  Macdonald  has  said.  It  is  very  desirable 
that  there  should  be  something  of  the  kind  adopted.  I  must  say, 
as  far  as  my  experience  goes,  that  signalling,  generally  speaking, 
of  the  class  has  not  been  so  successful  as  I  should  have  wished  on 
our  ships.  Sailors,  as  a  rule,  have  got  great  notions  of  keeping  to 
their  old  system;  they  do  not  like  any  new-fangled  systems;  but  I 
feel  sure  that  the  time  is  &st  approaching  when  something  of  the 
kind  will  have  to  be  adopted.  I  can  only  say  that  we  are  deeply 
indebted  to  Mr.  Macdonald  for  his  kindness  in  bringing  the 
instrument  here,  and  for  the  able  way  in  which  he  has  described  it. 

On  the  motion  of  the  President,  a  unanimous  vote  of  thanks 
was  accorded  Mr.  Macdonald  for  his  paper. 
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ELECTRO -MOTOBS  AND  THEIB  GOVERNMENT. 

f 

By  Professors  W,  R  Aybton,  F.R.S.,  and  John  Perry,  M.E, 

The  near  approach  of  electric  mams  behig  laid  nnder  ont 
streets,  and  the  &cilities  they  will  offer  for  supplying  electric 
power  during  the  day  time  to  &ctories,  workshops,  and  even  to 
private  houses  for  domestic  purposes,  lends  an  immediate  im- 
portance to  considerations  regarding  the  best  form  that  should  be 
given  to  electro-motors,  as  well  as  to  the  best  conditions  under 
which  they  should  be  used;  while  the  comparatively  novel 
question  as  to  the  methods  that  can  be  employed  for  governing 
motors,  so  as  to  make  them  run  at  the  same  speed  whatever  work 
they  may  be  doing,  is  of  equally  pressing  importance,  seeing  that 
this  condition  of  constant  speed  must  necessarily  be  fulfilled 
before  we  can  expect  to  see  lathes,  circular  saws,  and  other  tools 
in  our  workshops  regularly  driven  by  electro-motors. 

The  great  value  of  electro-motors  arises — 

1st.  From  their  portability,  seeing  that  they  need  only  be 
connected  by  means  of  a  pair  of  thin  flexible  wires  with  the 
main  supply  cables. 

2nd.  From  their  small  weight  per  horse-power  developed  by 
them. 

3rd.  From  the  possibility  of  their  being  used  at  a  considerable 
distance  firom  the  prime  mover* 

4th.  From  their  working  to  the  best  advantage  when  run 
£Eist,  and  so  being  especially  suitable  for  driving  quick-moving 
machinery  direct,  without  any  intermediate  gearing;  for  in  a 
&ctory  there  is  a  great  loss  of  power  arising  from  the  friction  of  a 
long  line  of  shafting  turning  in  its  bearings,  and,  secondly,  there 
is  a  loss  of  power  in  the  intermediate  gearing  employed  to  make 
the  drill  on  other  quick-moving  tool  revolve  much  more  rapidly 
than  the  shaft. 

The  portability  of  motors  enables  us  to  bring  the  machine- 
driven  too!  to  the  work,  instead  of,  as  at  present,  the  work  to  the 
tML  Fot  otample,  Fig.  1  shows  a  circular  saw  directly  drives  hf 
one  of  our  motors,  and  which  can*  be  mc^ed  about  with  toleorabltt 
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coDvenience.  Again,  Fig.  2  ehows  an  emery  wheel  also  driven  by 
one  of  OUT  motors,  and  which  can  be  moved  about  for  the  purpose 
of  polishing  any  large  piece  of  metal. 

The  third  and  fourth  advantages  make  electro-motors   of 
eipedal  importance  to  tu  Londoners  at  this  present  moment. 


Fio.  I. 

The  imsightly  blow-holes  on  the  Thames  Embankment  and  at 
this  end  of  Victoria  Street  have  now  fallen  out  of  &vour,  if  they 
ever  were  in  favour.  Although  English  people  are  not  supposed  to 
be  strong  in  matters  of  taste,  we  still  cannot  contemplate  with 
equanimity  a  series  of  low  chimneys,  emitting  foul  gases,  scattered 


ftloDg  our  principal  thoroughfares,  especially  when  perfect  ventila- 
tion can  be  obtained  by  fans  directly  driven  by  motors.  Such  a 
&Q,  kindly  placed  at  oar  disposal  by  Kev.  Mr.  Capell,  is  shown  in 
Fig.  3,  three  feet  in  diameter,  which  is  now  passing  16,000  cubio 
feet  per  minute  at  1,000  revolutions,  and  is  driven  by  one  of  our 
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znotora,  the  electricity  being  supplied  by  Faare-Sellon-Volckinar 
accumulators,  kindly  lent  us  by  the  Electrical  Power  Storage 
Company.  These  fans  might  be  stationed  along  the  tunnel,  each 
driven  directly  by  a  motor  without  intermediate  gearing.  A 
single  going  and  return  insulated  wire  would  convey  an  amount 
of  power  which  seems  incredible  to  a  mechanical  engineer ;  and  a 
Bteam-engioe  doing  the  work,  as  well  as  a  dynamo-machine 
supplying  the  electricity,  might  be  all  in  some  backyard,  out  of 
everybody's  way.  The  gas  might  be  sent  into  the  water  of  the 
Thames,  and,  if  even  the  bubbling  up  of  the  gas  was  thought 


ofcgectionable,  it  might  bubble  up  in  recesses  in  the  walls,  so  that 
the  bubbles  could  not  be  seen.  The  particular  specimen  of  our 
electro-motors  which  we  are  employing  this  evening  has  adjust- 
able lead  and  reversing  gear :  this,  of  course,  would  not  be 
necessary  for  motors  permanently  fitted  and  always  run  at  a  iized 
speed,  but  it  is  very  handy  for  motors  when  used  experimentally. 
The  details  of  the  reversing  gear  can  be  seen  from  figures  which 
come  later  on  in  this  paper,  where  a  description  of  the  gearing 
will  be  found. 
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The  smaller  2-foot  &n,  which  k  being  driven  also  by  one  of 
our  motors,  is  passing  about  half  the  quantity  of  air. 

The  portability  of  electro-motors  and  their  light  weight  make 
them  of  enormous  importance  where  locomotion  is  involved.  It 
may  be  in  the  memory  of  some  of  those  present  that  a  year  ago 
we  advocated  the  automatic  electric  transport  of  goods  and  pas- 
sengers by  means  of  electric  railways  without  togine-driver,  guard, 
or  signalman,  and  we  showed  experimentally  that  the  idea  was 
perfectly  feasible  when  our  absolute  block-system  was  employed. 
This  idea  has  borne  firuit,  for  Professor  Fleeming  Jenkin,  with  his 
usual  enthusiasm,  was  fired  with  it,  and  our  conjoint  ideas  have 
led  to  what  is  known  as  ^^  telpherage,"  the  meaning  of  which  can  be 
gathered  from  the  words  "  telegraph"  and  "  phosphoros."  **  Tele- 
pherage "  the  Greek  scholars  among  you  will  no  doubt  consider 
better,  but  in  these  days  of  speed  and  brevity,  when  the  words 
"ergs,"  "volts,"  and  "ohms"  are  tolerated,  the  abbreviation  of 
"  telepherage  "  to  "  telpherage  "  will  doubtless  be  pardoned.  We 
may  mention  that  telpherage  experiments  on  a  working  scale 
are  on  the  eve  of  being  tried,  so  that  we  hope  that  **  to  telpher  " 
will  shortly  be  a  common  English  expression. 

For  telpherage,  and  indeed  for  motor  work  generally,  it  became 
of  immense  importance  to  know  what  horse-power  per  pound  dead 
weight  of  motor  could  be  practically  obtained,  what  efficiency 
could  be  reUed  on,  and  how  a  motor  could  be  best  governed  that 
is  always  made  to  go  at  the  same  speed  whatever  work  it  yms 
doing.  We  have  therefore  been  engaged  on  a  long  series  of 
experiments  on  motors  of  different  sizes,  but  before  giving  an 
account  of  the  result  of  these  experiments  we  will  consider  theo- 
retically the  general  principles  involved  in  the  government  of 
motors,' and  exhibit  one  of  our  motors  which  is  governed  without 
using  anything  of  the  nature  of  a  mechanical  governor. 

CtoVEBNINO. 

A  motor  may  be  governed  to  run  at  the  same  speed  whatever 
work  it  may  be  doing,  in  one  or  other  of  two  distract  ways.  1st, 
the  power  may  be  cut  off  in  proportion  as  the  work  is  cut  off;  or, 
2nd,  a  brake  may  be  employed  to  replace  the  useful  load  removed) 
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wtiicli  brake  may  either  waste  the  excess  pover  or  store  it  up  for 
fbture  ose.    Hitherto  the  first  method  alone  has  been  attempted, 
viz^  that  of  catting  off  the  pover,  and  osoally  with  this  very 
serious  defect,  that  instead  of  the  power  cat  off  being  directly  in 
proportion  to  the  work  cat  off,  the  arrangements  hare  been  sn<A 
tiiat  either  all  power  was  cat  off  or  none,  so  that  the  motion  of 
the  motor  was  spasmodic,  jast  as  in  an  ordinary  gas-engine,  which 
Boffers  &om  the  same  defects,  that  full  charge  of  gas  or  no  charge 
are  the  oenal  only  ^tematives. 
A  sample  of  an  electro-motor 
governor  of  this  type,  and  which 
may  be  c^ed  a  "spasmodic 
governor,"  is  shown  (Fig.   4), 
and  consists  merely  of  a  rotat- 
ing  mercary   cup   into  which 
dips   a   wire,  which  makes   in 
thia  case  (»ntact  with  the  mer- 
cary,   and    so    completes    the 
circuit  when  the  speed  is  slow, 
but  which,  on  account  of  the 
hyperbolic   form    assumed    by 
the  Bur&ce  of  the  mercury  as 
the   speed  rises,  ceases  to  dip 
into  the  mercary  at  high  speeds, 
and   so   breaks  contact.     This 
governor,  you  observe,  is  very 
erratic  in  its  action,  yet  it  will  be 
found  among  the  modem  speci- 
ficatiouB  at  the  Patent  Office.  ^"'-  *" 

The  first  improvement  we  made  in  governing  congisted  in 
replacing  the  "spasmodic  governor"  by  a  "periodic  governor." 
Witi  oar  ^  periodic  governor  "  the  power  is  never  cut  off  entirely 
for  any  length  <rf  time  j  nor,  on  the  other  hand,  is  full  power  ever 
put  on  for  any  length  of  time,  but  in  every  revolution  power  i^ 
supplied  during  a  portion  of  the  revolution,  the  proportion  of  the 
time  in  eveiy  revolution  daring  which  much  power  is  supplied  td 
the  timedoring  which  less  ia  supplied  depending  oo  the  amoudi 
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of  work  the  motor  is  doing.  Oar  periodic  goTemor,  then,  differs 
from  the  spasmodic  governor  in  the  same  way  that  a  good  loaded 
steam-engine  governor  differs  from  the  ordinary  governor  of  a 
gas-engioe.  One  of  the  waya  of  effecting  this  result  is  as  follows : 
— A  bmsb,  A,  Fig.  5,  lies  on  the  rotating-^iece,  B  K,  the  cylindric 
aor&ce  of  which  is  formed  of  two  conducting  portions  connected 
with  one  another  through  any  resistance,  and  the  brash,  A,  is 
moved  along  the  cylinder,  B  K,  under  the  action  of  the  governor 
balls.  When  the  brash.  A,  is  touching  the  contact  part,  B,  the 
motor  is  receiving  current  directly ;  but  when  A  rests  on  the  part 
K  the  motor  receives  current  through  the  resistance  which  is 
interposed  between  B  and  K.  If  the  governor  balls  fly  out,  the 
brush  is  moved  along  B  K,  so  that  there  is  contact  with  K  daring 


Fto.  6. 
a  greater  part  of  the  revolution  than  before ;  and  if  the  governor 
balls  come  together,  the  speed  of  the  motor  being  too  small,  the 
brush  is  moved  in  the  opposite  direction,  so  that  it  makes  contact 
with  B  for  a  longer  time  during  each  revolution. 

If  the  motors  are  in  series,  we  arrange  that  the  periodic 
governor  shants  the  currents  periodically,  instead  of  introducing 
resistance.     In  this  case  the  connections  are  as  follows : — 

B  is  made  of  wood,  while  K  is  made  of  metal.  K  is  connected 
to  one  end  of  a  shunt  coll,  the  other  end  of  the  shunt  being 
connected  to  one  of  the  terminals  of  the  motor  and  A  is 
connected  to  the  other  terminal  of  the  motor.  If,  then,  A  rests 
on  B,  the  shunt  is  inoperative,  and  all  the  current  passes  throngh 
the  motor ;  whereas,  if  A  rests  on  K,  the  shant  is  in  operation, 
and  part  of  the  current  only  passes  through  the  motor. 
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We  are  fitting  up  one  of  our  periodic  governors  to  a 
Ghramme  machine  working  as  a  motor  in  series  with  accumulators 
— ^that  is  to  say,  a  dynamo  machine  is  employed  to  work  the 
Gramme  machine  as  a  motor,  and  to  charge  the  accumulators. 
When  the  motor  is  running  too  fast,  all  the  current  is,  during  the 
greater  part  of  each  revolution,  shunted  past  the  motor  through 
the  accumulators,  and  the  current  only  passes  through  the  motor 
during  a  small  portion  of  each  revolution;  whereas,  when  the 
motor  is  going  more  slowly,  all  the  current  passes  through  the 
motor  during  the  greater  part  of  each  revolution  before  passing 
through  the  accumulators. 

It  is  difficult  with  any  such  gove!mors  to  entirely  prevent 
sparking,  and  hence  we  prefer  a  totally  diflferent  form  of  governor, 
that  we  have  devised,  depending  on  the  second  system  referred  to 
above — ^that  is  to  say,  the  employment  of  a  brake,  which  brake 
stores  up  the  superfluous  power  supplied  to  the  motor.  It  is  well 
known  that  if  a  dynamo  machine  be  running  empty,  and  its 
poles  be  closed,  a  great  backward  pull  is  exerted  on  the  driving 
mechanism,  in  consequence  of  the  dynamo  machine  now  com- 
mencing to  send  a  current  and  to  do  work ;  but  not  only  will  the 
closing  of  the  circuit  of  a  dynamo  machine  cause  a  pull  to  be  put 
on  the  driving  mechanism,  but  even  a  slight  increase  in  the  speed  of 
a  dynamo,  the  circuit  of  which  remains  unaltered,  will  also  produce 
the  same  eflfect  if  the  speed  be  the  critical  speed  for  the  resistance 
through  which  the  dynamo  is  sending  a  current,  because  this 
critical  speed  is  that  below  which  but  a  small  current  is  sent  by 
the  dynamo  machine,  and  above  which  a  great  current  is  sent  by 
the  dynamo  machine — that  is  to  say,  below  the  critical  speed  for 
any  particular  resistance  the  dynamo  acts  very  feebly,  while  above 
that  speed  it  acts  as  a  powerful  dynamo  machine.  Such  a  dynamo 
machine,  then,  with  closed  circuit,  attached  to  the  motor  and 
driven  by  it,  would  act  as  a  brake,  and,  if  the  normal  speed  of  the 
motor  was  the  critical  speed  of  the  dynamo  for  the  particular 
resistance  in  its  circuit,  it  would  act  as  a  very  efficient  brake, 
causing  a  great  opposition  to  even  a  small  increase  of  speed  beyond 
that  at  which  it  was  desired  the  motor  should  run  at. 

Hitherto  we  have  spoken  of  the  dynamo  brake  as  if  the  electric 
I)Ower  produced  by  it  were  wasted,  but  if  it  be  in  the  same  circuit 
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as  the  motor,  then  the  electric  power  produced  by  its  rotation  will 
help  on  the  current,  and  the  energy  it  absorbs  in  acting  as  a  brake 
will  not  be  subtracted  from  the  energy  of  the  whole  system,  but 
will  merely  diminish  the  speed  of  the  particular  motor  in  question* 
Fig.  6  shows  such  an  arrangement,  in  which  a  magneto-motor 
is  geared  with  a  small  series  dynamo— that  is  to  say,  the  same 
spindle  carries  the  armatures  of  both  machines.  The  current  passes 
through  both  the  armatures  in  series,  and  then  through  the  field- 
magnet  of  the  motor.  In  consequence  of  its  passing  through  the 
armature,  m,  of  the  motor,  the  spindle  is  rotated,  and  a  back  electro- 
motive force  is  setup,  resisting  the  current,  whereas  the  motion  of 
the  armature,  d,  of  the  dynamo  sets  up  a  forward  electro-motive 
force,  and  assists  the  current. 

y^ — ^^^  This  combination  of  motor  and  gene- 

f  /^    ^\\  rator  brake  is  the  gist  of  our  method, 

and  the  exact  combination  we  employ  in 
any  particular  case  depends  on  what  are 
the  supply  conditions — ^that  is  to  say, 
whether  constant  difference  of  potential 
is  kept  up  at  the  terminals  of  the  motor, 
or  constant  current  is  passing  through 
the  motors.  When  motors  and  lamps 
are  in  parallel  circuit,  then,  in  order  that 
Pio.  6.  any  one  of  them  shall  operate  independ- 

ently of  all  the  others,  it  is  necessary  that  constant  difference  of 
potentials  shall  be  maintained  between  the  supply  leads ;  whereas, 
if  they  are  in  series,  it  is  the  current  that  must  be  kept  constant 
to  make  the  one  apparatus  which  is  consuming  the  electric  energy 
independent  in  its  action  of  the  remainder.  We  have  elsewhere 
described  in  detail  the  various  methods  we  employ  for  obtaining 
constancy  in  the  supply  conditions  in  each  of  these  two  cases,  and 
we  shall  assume  in  this  question  of  governing  motors  that  one  or 
other  of  these  supply  conditions  is  kept  constant. 

1st.  Wwfi  consftant  potential  difference  is  maintained  between 
the  main  supply  leads. 

Fig.  6  is  one  of  the  arrangements  that  might  be  employed  for 
governing  the  motor,  and,  although  suitable  enough  for  stationary 
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motors  would  have  the  disadvantage,  if  the  motor  had  to  be  used 
for  locomotion,  that  it  contained  two  distinct  machines.  In 
practice,  then,  we  prefer  to  replace  the  arrangement  shown  in 
Fig.  6  by  that  shown  in  Fig.  7  or  8. 

In  Fig.  7  we  have  a  magneto-motor,  but,  in  addition,  the  wire 
forming  part  of  the  main  circuit  is  coiled  roxmd  the  limbs  of  the 
permanent  magnet  in  such  a  direction  that  the  current  passing 
through  it  weakens  this  permanent  magnet.  The  result  is  that 
the  armature  and  permanent  magnet  alone  form  a  motor,  whereas 
the  armature  and  the  coils  of  wire  wound  roxmd  the  permanent 
magnet  form  a  brake-dynamo.  The  current  passing  through  the 
armature,  acted  on  by  the  permanent  magnet,  produces  motion, 
and  hence  is  resisted,  while  the  current  passing  through  the 


Pig.  7. 
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armature  and  through  the  coils  wound  roxmd  the  permanent 
magnet  resists  motion,  and  hence  is  assisted. 

Fig.  8  differs  only  from  Fig.  7  in  that  the  permanent  magnet 
is  replaced  by  a  shxmt  circuit,  which  it  is  easy  to  see  it  is  possible 
to  do  if  it  be  remembered  that  the  supply  condition  we  are  deal- 
ing with  is  "  constant  difference  of  potentials  at  the  terminals  of 
the  motor ; "  hence  the  current  which  passes  through  the  shunt 
circxdt  will  be  a  constant  cxirrent,  and  the  iron  of  the  field- 
magnet,  as  far  as  this  circuit  is  concerned,  will  act  as  a  permanent 
magnet.  The  current  then  passing  through  the  shxmt  circxiit  mag- 
netises the  field-magnet,  as  shown  in  the  figxire,  but,  in  addition, 
the  wire  which  forms  part  of  the  armature  is  woxmd  roxmd  this 
field-magnet  in  such  a  way  that  the  current  passing  through  it 
tends  to  demagnetise  the  field-magnet,  and  here,  as  before,  the 
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armature  and  shunt  circuit  act  as  a  motor,  while  the  armature  and 
the  thick  wire  coil,  which  is  a  cootinuation  of  the  armature,  and 
vhioh  is  wrapped  round  the  field-magnet,  form  a  brake-dynamo. 

So  fiu-  we  have  been  dealing  with  motors  in  parallel  circuit, 
with  constant  difference  of  potentials  at  their  terminals.     We 
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will  proceed  to  consider  motors  in  series,  and  in  that  case  the 
supply  conditions  will  be — 

2nd.  CoTietaTit  current  passing  through  all  the  motors. 

Here  we  may  also  combine  two  armatures  working  on  a  common 
spindle,  as  shown  in  Fig.  9,  but  in  this  case  the  magneto  machine 
is  a  brake-generator,  while  the  motor,  which  is  the  larger,  is  a 
shunt-motor,  the  field-magnet  being  a  shunt  to  both  armatures, 
which  latter  are  in  series. 


Fia.  1).  Fio.  12. 

This  double  machine  may  be  replaced  by  a  coiled  magneto- 
machine,  as  in  Fig.  10,  in  which  we  have  a  magneto-generator 
actiDg  as  a  brake,  and  a  shunt  motor.  Or,  again,  this  may  be 
replaced  by  the  arrangement. in  Fig.  U,  where  the  fine  wire  coil, 
which  is  a  shunt  to  the  armature  only,  acts  with  the  armature  as 
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a  motor ;  and  the  thick  wire  coil,  which  forms  part  of  the  main 
circuit,  constitutes,  with  the  armature,  a  brake-generator,  so  that 
the  main  current  passing  round  this  thick  wire  coil  tends  to 
demagnetise  the  field-magnet.  Or,  again,  the  shunt  coil,  which 
with  the  armature  constitutes  the  motor,  may  be  a  shunt  to  both 
the  armature  and  the  demagnetising  coil,  as  shown  in  Fig.  12. 

The  subject  of  governing  motors  may  be  mathematically  in- 
vestigated as  follows : — 

1.  When  constant  poterdicd  difference  is  momvtavned  between 
the  mavae  feeding  motors  in  parallel  circuit. 

Let  the  arrangement  shown  in  Fig.  7  be  that  adopted,  and 
consisting  of  a  magneto-motor  and  a  series  brake-dynamo. 

Let  e  be  the  back  electro-motive  force  set  up  in  the  motor 

when  n  is  the  number  of  revolutions  per  minute  at  which  it  is 

turning;  let  C  be  the  current  passing  through  it,  then  we  know 

that 

6  =  n  (a  —  K  C), 

where  a  is  a  constant  depending  on  the  permanent  magnetism, 
and  K  on  the  coiling  and  the  magnetic  susceptibility  of  the  steel 
magnet.  But  if  E  is  the  potential  difference  constantly  main- 
tained at  the  terminals  of  the  motor,  and  E  is  the  resistance  of 
the  armature  and  demagnetising  coil  combined,  then 

e  =  E  -  E  C, 
but  the  total  work  the  motor  can  do  in  consequence  of  its  motion 

e  C  =  71  (a  -  K  C)  C  =  (E  -  E  C)  C, 

which  we  desire  to  be  able  to  vary  at  will  without  varjring  tu 
The  second  equation  is  therefore  true  for  all  values  of  C,  which  is 
the  only  variable,  hence  tre  must  have 

na  =  E, 
and     nK  =  E. 
But  if  we  consider  the  dynamo  part  alone,  the  approximate  equa- 
tion for  the  early  part  of  its  characteristic  curve  would  be  of  the 

form 

Ci  =  nKC. 

Consequently,  since  one  of  the  conditions  for  governing  is 

nK  =  E, 

VOL.  xn.  22 
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we  conclude  that  the  resistance  of  the  armature  and  demagnet- 
ising coil  combined  is  such  that  it  is  th^  critical  resistance  of  the 
dynamo  part  of  the  combination  for  that  speed  at  which  it  is 
desired  the  motor  shall  always  run,  no  matter  what  amount  of 
work  it  may  be  doing. 

To  better  explain  this,  we  will  take  an  actual  case  and  show 
how  we  experimentally  determine  the  proper  resistance  to  give  to 
the  governing  demagnetising  coil  for  any  particular  motor  when 
the  arrangement  shown  in  Fig.  8  is  employed. 

Let  /i  be  the  resistance  of  the  field-magnet  of  a  series  motor 
of  any  size  and  type,  and  a,  the  resistance  of  the  armature.  Pass 
a  current,  Ci,  through  the  field-magnet  only,  and  let  ei  be  the 
electro-motive  force  set  up  in  the  armature  when  it  is  rotated 
mechanically  at  a  speed  of  ti,  revolutions  per  minute.  If  there  be 
permanent  magnetism  in  the  field-magnet,  then  two  experiments 
must  be  made,  in  one  of  which  the  permanent  magnetism  of  the 
field-magnet  alone  acts,  while  in  the  second  both  the  permanent 
magnetism  and  the  magnetism  due  to  the  current  Ci  are  com- 
bined, and  Ci  then  stands  for  the  difference  between  the  electro- 
motive forces  set  up  in  the  two  experiments — that  is,  ^  is  the 
electro-motive  force  due  to  the  total  magnetism  produced  by  the 
current  alone. 

Then  if  the  field-magnet  of  the  motor  be  rewound  with  two 

coils,  one  occupying  —  of  its  volume,  and  having  a  resistance  /„ 

and  the  other  —  of  an  equally  useful  part  of  its  volume,  and 

having  a  resistance  /„  and  if  a  current,  c,  passes  through  the 
former,  and  C  through  the  latter,  the  electro-motive  fwrce,  et,  set 
up  in  the  armature  coil,  which,  if  rewound,  may  have  a  resistance 
Ofy  will  at  71,  revolutions  per  minute  be 

wnere  p  is  the  term  due  to  the  permanent  magnetism  which  by 
definition  is  inoperative  as  far  as  e^  is  concerned,  but  is  effective 
in  producing  e,. 

J£  the  coil  of  resistance  /j,  which  is  a  continuation  of  the  wire 
on  the  armature,  as  shown  symbolically  in  Fig.  13,  be  so  wound  as 
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to  diminish  the  total  magnetism  in  the  field-magnet,  the  above 
equation  reduces  itself  to  the  form 

and,  reasoning  as  before,  we  obtain  for  constant  speed,  independent 
of  the  work  the  motor  may  be  doing,  the  conditions 

Tlj  (8  +  <  c)  =  E 
71,  K  =  a,  +  /„ 
where  /g  is  the  resistance  of  the  regulating  coil. 

IHUNT  niLO  HAONKT. 
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To  determine  />,  we  have 

/,  =  7^K  —  a. 


and    K  = 


^Ci  v^ 


•^«  +  Oa  =  0 


•  •V/s 2 

ax,  /x  are  the  resistances  of  the  armature  and  field-magnet  of  the 
motor  as  received  for  trial,  and  are  therefore  known.  6i  is  the 
electro-motive  force  the  motor  sets  up  when  it  is  revolved  at  % 
revolutions  per  minute,  and  a  current,  Cx,  sent  through  its  field- 
magnet;  6,,  w„  and  Cx  are  therefore  determined  experimentally. 
y  and  a,  depend  on  the  rewinding ;  a,  may  be  made  equal  to  ax 
if  we  like — that  is  to  say,  the  armature  need  not  be  rewound ;  y 
must  be  chosen  judiciously,  and  its  value  is  governed  by  the 
following  considerations : — ^The  presence  of  the  governing  coil 
diminishes  the  power  of  the  motor,  except  when  it  is  exerting  its 
TniiTimnnn  power— not,  howovcr,  by  wasting  the  power,  but  by 
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makiiig  the  motor  for  the  time  being  equivalent  only  to  a  smaller 
motor.  Any  form  of  governing  an  electric  or  any  other  motor 
must  necessarily  have  this  eflFect :  for  example,  when  a  20  horse- 
power stesim-engine  is  only  taming  the  shafting  of  a  factory, 
and  doing  no  other  work,  the  steam  may  be  so  much  cut  oflf  by  the 
governor  that  for  the  time  being  the  engine  may  only  be  exerting 
2  horse-power,  which  quite  a  small  engine  could  of  course  just  as 
well  exert.  As  a  matter  of  economy  in  weight,  etc.,  it  is  not  of 
course  desirable  to  use  a  motor  which  is  very  much  more  powerful 
than  is  necessary,  or,  in  other  words,  it  is  not  desirable  that  the 

amount  of  governing  should  be  necessarily  very  large ;  hence  — 

y 

should  not  be  too  large.     On  the  other  hand,  —  must    not 

be  too  small,  or  the  whole  governing  action  will  be  too 
small,  corresponding    with    a    steam-engine    the    governor    of 

which  has  only  a  very  limited  range.     Probably   ~   =   ~    and 

14  5 

— =  — , — that  is,y  =  5  and  x  =  j  will  generally  give  very  good 

(I/O  * 

results, — ^and  those  are  the  values  we  have  employed  in  the  one  of 
our  motors  before  you,  which  is  thus  governed  by  the  combination 
of  a  shunt  motor  with  a  series  brake-dynamo.  a„/i,  6,,  tIj,  Ci,  a» 
and  y  having  been  thus  determined,  n^  merely  depends  on  the 
speed  at  which  we  desire  the  motor  always  to  run,  so  that  /,,  the 
resistance  of  the  regulating  coil,  can  now  be  found. 
We  will  next  consider  the  case 

2.  When  constaTd  current  ie  maintained  through  the  motors. 
In  Fig.  11  let  a  and  /  be  the  resistances  of  the  armature  and 
field-magnet  respectively,  A  and  F  the  currents  passing  through  the 
armature  and  field-magnet,  and  C  the  total  current  which  by  the 
supply  conditions  is  kept  constant ;  then,  if  e  is  the  back  electro- 
motive force  produced  when  the  motor  is  running  at  n  revolutions 

per  minute, 

e  =  71  (2>  +  ?  F  -  K  C), 

where  j9  is  a  constant  depending  on  the  permanent  magnetism  in 
the  field-magnet,  q  on  the  winding  of  the  shunt  coil,  and  K  on 
the  winding  of  the  demagnetising  coil  on  the  field-magnet. 
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But  6  =  /  F  -  a  A, 

.•.  the  total  work  the  motor  can  do  in  consequence  of  its  motion 

equals 

eA  =  An(p  +  2F-KC), 

=  A(yF-aA). 

But  F  +  A  =  C, 

therefore,  eleminating  F,  we  have  the  total  work  equal  to 
An{2>  +  3(C-A)-KC}   =A  {/(C-A)  -aA}, 

which  we  desire  to  be  able  to  vary  at  will  without  varying  n. 
Hence,  as  this  equation  must  be  true  for  all  values  of  A,  wejmust 
have  the  coefficients  of  A  equal,  as  well  as  those  of  A',  so  that 

f  +  a  =  nq 

are  the  conditions  for  governing  when  constant  current  is^supplied 
to  the  motors.  And  the  second  of  these  means  that  the  normal 
speed  of  the  motor  must  be  the  critical  speed  for  the  motor  when 
used  as  a  shunt  dynamo  with  an  infinite  resistance  external  to  the 
machine. 

If  the  shunt  coil  be  a  shunt  to  both  the  armature  and  the 
demagnetising  coil,  as  shown  in  Figs.  12  and  13,  then  the  equa- 
tions become 

e  =  7i(y  +  g'F— KA) 

=  /F-(a  +  r)A. 
where  r  is  the  Resistance  of  the  demagnetising  coil.    Now,  the 
first  equation  may  be  put  into  the  form 

e  =  7i  {2>+  (9  +  K)F-  KC}, 

therefore  these  equations  are  exactly  like  the  two  employed  in 
the  previous  case,  except  that  g  +  K  replaces  5,  and  a  +  r 
replaces  a.  Consequently,  if  these  changes  be  made  in  the  former 
equations  for  governing,  we  shall  have  the  equations  for  governing 
applicable  to  this  second  case,  which  are,  therefore, 

/  +  a  +  r  =  n  (2  +  K). 

And  this  second  equation  means  that  the  speed  at  which  it  is 
desired  the  motor  shall  always  run,  independently  of  whatever 
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work  it  may  be  doing,  is  the  critical  speed  for  the  motor  when 
used  as  a  shunt  dynamo  when  the  resistance  external  to  the 
motor  is  infinite. 

In  both  these  cases,  therefore,  for  constant  current,  n  the 
normal  speed  of  the  motor  is  the  speed  at  which  the  motor  will 
begin  to  feed  itself  when  used  as  a  shunt  dynamo,  the  external 
circuit  being  broken,  but  the  connections  in  the  motor  itself  left 
untouched. 

In  working  out  this  theory  we  have,  for  simplicity,  assumed — 
what  is  generally  true  in  dynamos — that  the  magnetic  field  is 
mainly  due  to  the  action  of  the  field-magnet.  We  will  presently 
show  why  this  is  not  the  case  in  our  motor,  and  why  we  believe  it 
should  not  be  the  case  in  any  good  motor.  But,  although  the 
diflference  in  construction  is  very  considerable,  the  formula  em- 
ployed in  the  mathematical  investigation  of  the  conditions  for 
governing  are  similar  to  those  we  have  employed,  and  conse- 
quently we  have  not  thought  it  desirable  to  lengthen  our  paper  by 
inserting  them. 

In  the  preceding  we  have  also,  for  simplicity  of  calculation, 
assumed  that  the  strength  of  the  magnetic  field  produced  by  an 
electro-magnet  is  proportioned  to  the  current  passing  round  it, 
but  this  is  of  course  only  true  when  the  magnet  is  fiu:  from 
saturation.  A  function,  to  express  more  accurately  the  strength 
of  the  field,  must  of  course  be  such  that  for  all  very  strong  cur- 
rents the  field  has  a  constant  strength.  Five  years  ago,  Mr. 
Schwendler  deduced,  from  his  experiments  on  dynamo  machines 
made  at  the  India  Store  Department,  that  the  equation  connect- 
ing the  electro-motive  force  of  a  series  dynamo,  running  at  a 
particular  speed,  with  the  internal  and  external  resistances  was 
of  the  form 


e  =  k|.-e-(-'} 


where  r  is  the  resistance  of  the  machine,  r'  the  external  resistance 
in  circuit,  and  K  and  a  constants.  And  one  of  us  who  had  the 
good  fortune  to  be  assisting  Mr.  Schwendler  in  these  investi- 
gations, in  1878,  made  at  the  time  a  large  number  of  calculations 
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to  determine  the  most  probable  value  of  the  constants  in  this 
function.  Having,  however,  previously  (when  engaged  with  our 
students  in  Japan  in  putting  into  a  convenient  form  for  calcu- 
lation some  of  the  results  given  in  Wiedemann's  "  Oalvanismus,'' 
for  the  strength  of  an  electro-magnet)  employed  the  expression 

k  C 
.p-- — p  for  the  strength  of  the  magnetic  field  produced  by  a 

current,  C,  flowing  round  an  electro-magnet,  we  saw  that  the 
equation  for  the  curve  connecting  the  electro-motive  force  of  a 
dynamo  with  the  current  flowing  through  its  coils  could  be  ex* 
pressed  in  the  form 


E 


=  ^(^  +  r-t4c)' 


where  n  is  the  speed,  and  p  a  constant  depending  on  the  permanent 
magnetism  in  the  field-magnets;  and  this  formula,  which  it 
would  naturally  strike  any  practical  mathematician  to  employ,  we 
used  then,  and  have  ever  since  used  in  our  calculations  on  dynamo 
machines  and  motors,  and  in  our  lectures  to  students.  From 
this  equation  we  were  led  theoretically,  at  the  commencement  of 
1879,  to  the  idea  of  critical  speed  in  a  dynamo;  but  finding  shortly 
afterwards  that  the  idea  of  a  critical  speed  had  been  foreseen  some 
years  previously  by  Sir  William  Thomson,  and  that  it  was  already 
referred  to  in  the  reprint  of  his  papers  on  electricity  and  magnet- 
ism, we  did  not  think  it  necessary  to  refer  publicly  to  the  results 
we  had  arrived  at  by  the  use  of  the  above  equation.  We,  how- 
ever, now  take  this  opportunity  of  alluding  to  the  use  of  this 
equation  for  expressing  the  total  electro-motive  force  for  a  dynamo 
in  terms  of  the  current  flowing  through  its  coils,  since  in  France, 
Germany,  and  England  this  equation  has  comparatively  recently 
given  rise  to  various  claims  as  to  priority  of  employment. 

Another  formula  which  we  have  also  for  some  years  been  in 
the  habit  of  using  to  express  the  strength  of  an  electro-magnet 
in  terms  of  the  current  flowing  through  its  coils  is, 

a  tan.~^  6  C, 

but  this  does  not  lend  itself  so  readily  as  the  preceding  to  alge- 
braical manipulation  or  the  theory  of  dynamo  machines. 
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In  the  preceding  investigation  for  governing  motors  we  have, 
for  flimplicity,  assumed  that  the  resistance  of  the  armature  was  a 
constant  for  a  given  temperature,  but  in  reaUty  this  resistance 
depends  on  the  number  of  reversals  of  magnetism  in  the  coils  of 
the  armature  per  minute — that  is,  depends  on  the  speed  of  rota- 
tion of  the  motor.  That  the  resistance  of  the  armature  was  not  a 
constant  was  shown  by  M.  Cabenallas  in  1880,*  but  we  are  not 
aware  that  much  attention  has  been  paid  to  this  very  important 
&ct  in  theoretical  investigations  of  dynamo  machines  or  motors, 
or  that  any  attempt  has  been  made  to  ascertain  exactly  how  this 
increase  of  resistance  depends  on  the  speed  of  rotation  and  on  the 
coefficient  of  self-induction.  The  calculation  is  comparatively 
simple,  and  is  as  follows : — 

Increase  of  Resistance  of  the  Armatdre  due  to 

Self-induction. 

Let  M',  Fig.  14,  represent,  symbolically,  a  coil  just  on  the 
point  of  being  short-circuited  by  the  brush  A.     On  the  armature 


iC     K 


-«« 


Fig.  14. 
moving  in  the  direction  of  the  upper  arrow,  as  is  the  case  in  an 
ordinary   dynamo   or  motor,  or   on  the   brush   moving  in  the 
direction  of  the  lower  arrow,  the  armature  being  fixed,  as  is  the 
case  in  our  motor,  the  coil  M,  which  previously  had  no' current 

flowing  in  it,  will  now  have  a  current,  ^ ,  started  in  it,  whereas  the 

c 

coil  M',  which  just  previously  had  a  current  ^  ,  flowing  in  it,  will 


*  Compies  B&ndvt,  Tome  90,  No.  28,  June  7th,  1880. 
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be  shorfc-circuited.  The  result  of  this  will  be  that,  even  if  the 
brush  be  exactly  in  a  neutral  part  of  the  field,  so  that  there  is.  no 
electro-motive  force  in  a  short-circuited  coil  due  to  its  cutting  lines 

of  force,  still  a  certain  amount  of  energy  will  be  expended  in 

C 
starting  the  current  ^  in  the  coil  M,  and  an  exactly  equal  amount 

of  energy  will  be  wasted  in  the  coil  M'  by  the  strong  current 
momentarily  induced  in  it  on  short-circuiting. 

If  i  is  the  coeflBcient  of  self-induction  of  the  coil  M,  then  the 

Q 

back  electro-motive  force  in  it,  due  to  starting  the  current  -^  in 

1      dC 
it,  will  be  ^  i  —jT-,  and  the  amount  of  energy  thus  expended,  to 

be  wasted  when  this  coil  is  short-circuited  fit  the  next  brush,  is 

1      fG\*      1 

^  i  f  ^  J  or  ^  i  C*.    Hence,  the  waste  of  energy  due  to  one  coil 

passing  a  brush,  however  manjr  coils  there  may  be  short-circuited 

at  a  brush  at  any  one  time,  is  ^  i  C,  if  the  brush  be  in  the  neutral 

part  of  the  field ;  or,  if  it  be  remembered  that  on  a  coil  passing  one 
brush,  another  coil  symmetrically  on  the  opposite  side  of  the 
armature  passes  the  other  brush,  the  total  loss  of  energy  produced 
by  the  coil  rotating  through  a  circumferential  distance  equal  to 

the  breadth  of  one  coil  'va-zl  C*.    Hence,  if  L  is  the  coefficient  of 

4 

self-induction  per  radian  of  the  coil,  and  if  n  is  the  number  of 
revolutions  per  minute,  the  loss  of  energy  per  second  is 

4^^    "^  ""60"' 
since    r»^    is  the  angle  turned  through  per  second. 

The  waste  of  energy  per  second  is  consequently  — r-^^r — , 
and  this  corresponds  with  an  increase  in  the  resistance  of  the 

armature  equal  to  ohms.* 

*  Since  presenting  this  paper  we  haye  learnt  that  a  somewhat  similar 
calculation  has  heen  recently  made  by  M.  Joabert,  and  his  calculation  will  be 
found  in  the  Comptes  Bendus,  Tome  96,  No.  10,  for  March  5th  of  this  year ;  but 
M.  Joubert's  result  is  not  expressed  in  the  simple  form  of  an  increased  resist- 
ance of  the  armature  as  we  have  here  expressed  it. 
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The  following  gives  a  sample  of  the  results  our  students  have 
obtained  when  actually  measuring  the  resistance  of  a  fine  wire 
Granmie  ring  rotating  at  different  speeds  in  space  at  a  distance 
from  any  iron  except  the  iron  wire  composing  its  core,  and 
traversed  by  a  current  which  was  kept  constant  in  strength  to 
avoid  any  change  in  the  static  resistance  arising  from  changes  in 
the  heating  of  the  wire  by  the  passage  of  the  current : — 


Number  of 
rerolationB 
per  nkinnte. 

Current  in 

amperes 

trayeraing  the 

Qraounerlng. 

Approximate 

Beeistanoein 
ohms. 

Increaae  of 
reeistance. 

Bqniralent 

back  B  Ji.F. 

inToUe. 

0 
670 
825 
1,050 
1,800 
1,490 
1,770 
2,280 

•00488 
» 

» 

1,768 
1,800 
1,810 
1,900 
1,920 
1,995 
2,060 
2,200 

•«• 
82 
42 
182 
152 
227 
292 
482 

•  •• 

•156 
•209 
•642 
•744 
115 
1*42 
212 

A  number  of  sets  of  experiments  similar  to  the  above  were 
made,  and  all  led  to  the  same  result — that  the  resistance  increases 
more  rapidly  than  the  speed,  instead  of  the  increase  being  pro- 
portional to  the  speed,  as  might  have  been  expected  from  our 
reasoning  on  self-induction  just  given.  Since  the  reading  of  the 
paper,  however,  the  main  cause  of  this  apparent  discrepancy 
between  theory  and  practice  has  been  discovered,  and  is  as 
follows : — In  order  to  eliminate  the  effect  of  the  earth's  mag- 
netism setting  up  an  electro-motive  force  in  the  rotating  bobbin, 
the  brushes  were  so  placed  on  the  commutator  that  when  the 
bobbin  was  rotated  at  a  particular  speed  no  electro-motive  force 
was  set  up  due  to  the  earth.  But  in  reality  such  an  adjustment 
of  the  brushes  must  be  made  for  every  speed,  unless  the  axis  of 
rotation  of  the  bobbin  is  that  of  the  dip,  since  the  magnetic  poles 
induced  in  the  iron  of  the  bobbin  are  carried  forward  by  the 
rotation,  and  are  carried  forward  the  more  the  greater  the  speed. 
In  spite,  therefore,  of  the  careful  adjustment  of  the  brushes  in 
obtaining  the  results,  a  sample  of  which  is  given  above,  it  was  only 
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at  one  particular  speed  that  there  was  no  electro-motive  force  due 
to  the  earth:  at  all  speeds  below  this  the  electro-motive  force  was 
assisting  the  current  used  for  testing,  and  at  all  speeds  above  this 
it  was  opposing  this  current,  thus  making  the  increase  of  resistance 
too  small  at  low  speeds,  and  too  large  at  the  high. 

To  eliminate  the  error  produced  by  shifting  of  the  poles  by 
rotation,  without  resorting  to  the  very  troublesome  operation  of 
adjusting  the  brushes  for  each  speed,  we  have  in  all  our  later 
experiments  taken  readings  with  both  a  positive  and  a  negative 
current  at  each  speed,  and  the  following  is  a  sample  of  the  more 
accurate  results  thus  obtained,  the  resistance  of  the  Gramme 
ring  at  rest  being  1,860  ohms  : — 


BeTolationa  per 
minnte. 

Inorease  of  reslfltance 

Mean  inoreaee  of 
reiietanoe. 

InoreftBe  of  reeiet- 
anoe  calcniated 

^"^1«0 

+  CnTrenfc. 

^■Oiimnt. 

600 

70 

50 

60 

75 

800 

110 

76 

92 

100 

1,000 

150 

90 

120 

125 

1,205 

200 

110 

155 

150 

1,400 

245 

180 

187 

176 

1,602 

320 

120 

220 

200 

1,806 

405 

150 

277 

212 

2,000 

480 

190 

335 

250 

Here  the  increase  of  resistance  is  far  more  nearly  proportional 
to  the  speed  than  before,  and,  what  is  still  more  interesting,  is 

TT  71  li 

approximately  what  is  obtained  by  using  the  formula  "t^q"*  given 

above,  up  to  speeds  of  about  1,600  revolutions  per  minute. 
For  experiments  made  to  determine  the  coefficient  of  self- 
induction  by  the  Wheatstone's  bridge  method,  described  by  Clerk 
Maxwell,  showed  that  it  was  about  7*5  ohms.  The  last  column 
above  shows  the  increase  of  resistance  calculated  from  the  expres- 

TTTl  L 

sion    ^20  9  using  this  value  for  L. 

In  addition  to  this  increase  of  resistance  due  to  self-induction, 
there  is,  as  is  explained  further  on,  a  back  electro-motive  force  set 
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up  by  the  magnetic  poles  formed  in  the  Gramme  ring  by  the 
testing  current  not  being  at  the  brushes  themselves,  but,  instead, 
carried  forward  by  the  rotation;  and  it  is  possible  that  this  electro- 
motive force,  not  being  proportional  to  the  speed,  is  the  reason 
why  the  total  increase  in  the  resistance  is  not  strictly  proportional 
to  speed,  or  it  may  be  that  at  the  very  high  speeds  there  is  a 
slight  jumping  of  the  brushes.  The  real  cause  we  are  now 
endeavouring  to  ascertain  experimentally. 

In  the  preceding  we  have  spoken  of  the  armature  as  moving 
in  ordinary  motors,  and  the  armature  as  fixed  in  ours.  To  make 
this  quite  clear,  we  may  mention  that  we  define  the  "  armature," 
whether  movable  or  fixed,  of  a  continuous  current  dynamo  or  motor 
as  that  part  of  the  machine  in  which  the  current  is  being  per- 
petually reversed  as  the  machine  works ;  and  the  "  field-magnet," 
whether  fixed  or  movable,  as  that  part  round  which  the  current  is 
always  flowing  in  the  same  direction. 

Eesultant  Magnetic  Field,  and  the  Proper  Lead  to  give  to 
THE  Brushes  in  a  Dynamo  and  in  a  Motor. 

In  an  actual  dynamo  machine  or  motor,  in  addition  to  this 
practical  increase  in  the  resistance  arising  &om  self-induction,  the 
power  of  the  machine  will  be  aflFected — 

1st.  By  the  magnetic  field  due  to  the  field-magnet  being 
rotated,  and  therefore  weakened  by  the  rotation  of  the  armature. 

2nd.  By  the  magnetic  field  due  to  the  current  in  the  arma- 
ture being  added  to  that  due  to  the  field-magnet. 

3rd.  By  an  actual  back  electro-motive  force  set  up  in  the 
armature  of  a  dynamo,  for  the  retisons  to  be  explained  further  on. 

It  has  usually  been  assumed  that  the  magnetic  field  produced 
by  the  current  flowing  round  the  armature  must,  both  in  a  dynamo 
and  in  a  motor,  weaken  the  one  set  up  by  the  field-magnet.  It 
has  further  been  assumed,  that  since  a  forward  lead  is  given  to 
the  brushes  in  a  dynamo  on  account  of  the  delay  in  the 
magnetisation,  that  therefore  a  backward  lead  ought  to  be 
given  to  the  brushes  in  a  motor,  to  give  time  for  the  current  to 
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magnetise  the  iron  of  the  armature.  And  lastly,  it  has  been 
taken  for  granted,  that  because,  in  both  a  dynamo  and  in  a  motor, 
the  motion  of  the  armature  and  field-magnet  relatively  to  one 
another  produces .  an  electro-motive  force,  therefore,  since  experi- 
ence had  shown  that  a  powerful  field-magnet  and  an  armature 
of  a  comparatively  weak  magnetic  moment  were  the  best  for  pro- 
ducing a  large  electro-motive  force  in  a  dynamo,  the  same  proportion 
of  field-magnet  and  armature  must  be  the  best  to  produce  a 
powerful  motor.  As  these  three  assumptions  appeared  to  us 
unproved,  we  have  thought  it  desirable  to  investigate  what  ought 
to  be  the  relative  strength  of  the  magnetic  fields  produced  by 
the  field-magnet  and  by  the  armature  in  a  motor. 

In  considering  the  strength  of  the  field  produced  between  field- 
magnet  and  armature  by  the 
field-magnet  and  armature  cur- 
rents respectively,  if  F  and  A 
are  certain  functions  of  the  cur- 
rents and  number  of  windings  in 
the  field-magnet  and  armature 
respectively,  then  F  +  A  repre-  r 
sents  the  total  number  of  lines  of  i 
force  in  the  field,  or  what  we  may 
call  the  total  strength  of  the 
field  when  the  brushes  have  90® 
of  lead,  and  the  armature  and 
field-magnet  are  at  rest.  With 
any  other  lead,  F  will  remain  the 
same,  but  A  will   be  reduced. 

Both  F  and  A  may  be  expressed  in  the  form 


1  +  «  C. 
If  the  armature  and  field-magnets  are  rotating  relatively  to 

one  another,  then  the  field  due  to  the  field-magnet  will  be  twisted 

round,  and  consequently  weakened. 

Fig.  15  shows  approximately,  in  the  case  of  a  Gramme 
machine,  the  distribution  of  the  lines  of  force  due  to  the  field- 
magnet  as  twisted  round  by  the  rotation  of  the  armature. 

If,  now,  6  is  the  angular  distance  firom  the  position  of  a  brush 
when  there  is  no  lead,  then  the  number  of  lines  of  force  passing 
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through  a  coil  of  the  armature  at  any  place  due  to  the  field- 
magnet  alone  is  proportional  to 

f{n)  F  COS.  {0  -  7), 
where  7  is  a  function  of  71,  the  number  of  revolutions  per  minute. 
It  seems,  from  the  results  of  such  experiments  as  have  hitherto 
been  made,  that  /  (71)  and  —  7  are  nearly  constant  for  small  values 
of  71,  and  diminish  the  more  rapidly  as  n  becomes  considerable. 
The  shapes  of  these  functions  vary  with  the  shape  of  the  armature 
and  the  nature  of  the  iron.  It  is  of  course  obvious  that,  instead 
of  the  simple  periodic  function  cos.  {0  —  7),  we  ought  to  employ  a 
Fourier's  series  to  express  the  condition  of  a  particular  machine, 
a  very  important  term  in  this  series  having  a  periodicity  defined  by 
the  number  of  coils  on  the  armature  if  any  iron  protrudes  between 
the  coils.  But  for  general  purposes  the  simple  form  is  sufii- 
ciently  correct.  Now,  if  the  brushes  have  a  lead,  0,  in  the  direc- 
tion of  motion,  it  is  obvious 
that  the  electro-motive  force 
due  to  rotation  will  be  pro- 
portional to 

n  W /W  F  COS.  (^  —  7), 

where  W^  is  the  number  of 

windings   on   the  armature, 

since,  as  the  distribution  of 

lines  of  force  at  each  brush 

is  symmetrical,  the   electro- 

^^®«  l^«  motive  force  due  to  rotation 

must  be  proportional  to  the  number  of  lines  of  force  cutting  a 

ring  at  a  brush — that  is,  must  be  proportional  to  the  value  of 

the  last  expression,  when  0  equals  0. 

If  the  field  produced  by  the  current  flowing  round  the  arma- 
ture were  symmetrical,  and  not  afiected  by  the  iron  of  the  field- 
magnet,  as  it  is  often  erroneously  supposed  .to  be,  and  if  it  were 
merely  twisted  round  by  rotation,  as  shown  in  Fig.  16,  then  the 
number  of  lines  of  force  passing  through  a  coil  of  the  armature 
at  any  place  due  to  the  current  in  the  armature  alone  would  be 
proportional  to       ^  ^^^^  ^  ^.^^  (^  «  0  «  ^) . 
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and,  as  before,  the  electro-motive  force  arising  &om  the  rotation 
of  the  coils  in  this  field  would  be  proportional  to  the  value  of  this 
last  expression,  when  0  equals  0,  or  to 

—  71  W  f{n)  A  sin.  7. 

In  the  case  of  a  dynamo  machine,  the  resultant  magnetic  field  is 
usually  supposed  to  be  due  to  the  fields  shown  in  Fig.  15  and 
in  Fig.  16,  for  which  latter  case  the  sign  of  the  last  ex- 
pression is,  as  stated,  negative.  In  a  motor,  as  we  shall  show 
farther  on,  the  field  due  to  the  armature  may  assist  that  due  to 
the  field-magnet,  so  that  the  distribution  of  lines  of  force  due  to 
the  armature  shown  in  Fig.  16  may  be  adopted,  but  with  the  N 
and  S  interchanged,  and  in  that  case  the  number  of  lines  of  force 
passing  through  a  coil  of  the  armature  at  any  place  due  to  the 
current  in  the  armature  alone  would  be  proportional  to 

—  f{n)  A  sin.  (^  —  0  —  7), 
and  the  electro-motive  force  arising  firom  the  rotation  of  the  coils 
in  this  field  would  be  proportional  to 

+  71  W  f{n)  A  sin.  7. 
Hence,  if  the  field  due  to  the  armature  were  a  symmetrical  field, 
the  poles  being  at  the  brushes  when  the  armature  is  at  rest 
and  only  slightly  shifted  round  by  the  rotation,  as  shown  in  Figs. 
15  and  16,  then  in  a  dynamo  machine  the  electro-motive  force 
would  be  proportional  to 

nf{n)  W  {F  COS.  (^  -  7)  -  A  sin.  7} , 
and  in  a  motor  to 

nf(n)  W'{F  cos..(^  —  7)  +  A  sin.  7}. 

In  Fig.  17,  B  B  is  the  development  of  the  centre  line  of  the 
ring  from  brush  to  brush.  The  curve  F  shows  by  its  ordinates 
the  number  of  lines  of  force  passing  through  the  armature  coils 
at  every  part  of  the  ring,  due  to  the  field-magnet  action  only ;  the 
curve  A  shows  the  same  thing  in  the  case  of  the  dynamo,  and  A' 
in  the  case  of  the  motor,  for  the  armature  magnetic  action  only. 
D  shows  the  sum  of  F  and  A  for  a  dynamo,  and  M  the  sum  of  F 
and  A'  for  a  motor.  The  electro-motive  force  in  the  case  of  a 
dynamo  will  be  proportional  to  2  B  D,  and  in  a  motor  to  2  B  M. 

We  have  already  stated  that  we  do  not  recognise  the  assum*^  — 
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tion  nsnally  made  that  the  armature  field  most  weaken  the  field- 
magnet  field  in  a  motor  as  it  does  in  a  dynamo ;  bat  if  the  lead 
of  the  brushes  in  a  motor  is  sufficiently  far  back,  then  the 
armature  field  will  no  doubt  weaken  the  field-magnet  field,  as  in 
the  case  of  a  dynamo,  and  the  negative  sign  above  must  be  taken. 

To  illustrate  this,  here  is  one  of  our  motors  so  arranged  that 
the  wires  passing  round  the  field-magnet  can  be  short-circuited, 
in  which  case  the  magnetism  in  the  field-magnet  will  only  be  that 
produced  by  the  induction  of  the  armature*  The  lead  of  the 
brushes  is  put  back  so  that  the  armature  field  weakens  the  field- 
magnet  field  as  in  an  ordinary  dynamo*  Now  observe  what  happens. 
On  starting  the  current  the  motor  works  as  an  ordinary  motor, 
but  on  merely  short-circuiting  the  field-magnet  coils  it  stops,  and 
rotates  nearly  as  forcibly  in  the  opposite  direction*  When  the 
current  then  passed  through  the  field-magnet  there  were  strong 
negative  forces  opposing  the  motion,  but  which  were  overcome  by 
the  current  passing  through  the  field-magnet  coils.  The  resultant 
action,  therefore,  was  a  difiference,  and  consequently  small*  Now 
let  us  turn  the  brushes  so  as  to  give  a  more  forward  lead ;  the 
two  actions  help  one  another ;  the  resultant  is  a  sum,  and  the 
motor  works  more  vigorously. 

Although  the  adding  together  of  the  magnetic  fields  in  motors 
is  thus  produced  by  a  forward  lead  of  the  brushes,  it  may  be  pos- 
sible in  some  cases  that,  owing  to  the  iron  of  the  armature  being  very 
hard,  7  is  so  large  that  a  backward  lead  of  the  brushes  in  a  motor 
may  produce  an  addition  of  the  magnetic  fields  corresponding 
with  a  positive  sign  in  the  expression  for  the  electro-motive  force. 
But  under  such  circumstances  f{n)  wUl  be  small,  as  rapid  rotation 
will  seriously  diminish  the  magnetic  moment  produced  by  the 
current.  In  all  cases,  however,  what  has  to  be  aimed  at  in  a 
motor  is  the  adding  together  of  the  magnetic  fields  produced  by 
the  field-magnet  and  by  the  armature. 

We  cannot  lay  too  muck  stress  on  the  importan^ce  of  thisfacty-^> 
a  motor  must  work  mxiinly  by  attractive  forcesj  and  7wt  by  re- 
pvZsive  forces.  The  magnetic  fields  due  to  the  fieldrmagnet  and 
armaiwre  must  help  one  anothery  and  not  oppose  on£  anothery  as 
in  the  case  of  a  dynamo. 

VOL.  xn.  23 
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Distortion  produced  by  the  Iron  of  the  Field-Magnets  of 

THE  Field  due  to  the  Arbiature. 
When  an  ordinary  dynamo  machine  is  used  as  a  motor,  the 
attractive  forces  due  to  induction  of  the  armature  on  the  poles  of 
the  field-magnet  are  small,  but  in  these  motors  of  ours  they  are 
large,  since  the  magnetic  moment  due  to  the  armature  coiling  is 
large ;  and  we  wish  to  show  that  in  an  eflScient  motor  the  attrac- 
tive forces  ought  to  be  made  large,  whereas  in  a  dynamo  they 
ought  to  be  small. 

In  fact,  in  making  any  calculations  from  the  distribution  of 

lines  of  force,  we  must  re- 
member that  not  only  does 
the  iron  in  the  armature  de- 
termine the  distribution  of 
the  lines  of  force  due  to  the 
field-magnet,  but  that  the 
iron  in  the  field-magnet 
aflfects  the  distribution  of 
the  lines  of  force  due  to  the 
armature.  Indeed,  as  shown 
in  Fig.  16a,  corresponding 
with  a  motor  with  a  forward 
lead,  the  field  due  to  the 
armature  is  by  no  means  the 
same  in  the  four  quarters 
of  the  ring.  The  polar  ex- 
tensions of  the  field-magnet  cause  the  intense  part  of  the  field  to 
be  at  N  and  S,  instead  of  at  the  brushes  B  B ;  and  not  only  is  the 
field  twisted  round,  but  we  have  on  one  side  of  N"  or  of  S  in  the 
armature  a  more  sudden  diminution  of  the  field  strength  than  on 
the  other  side.  In  fact,  instead  of  the  curve  of  cosines,  we  have 
the  curve  shown  in  A,  Fig.  18.  Combining  this  with  the  field- 
magnet  distribution  given  already,  and  represented  in  F,  Fig.  18, 
we  have  the  sum  of  these  shown  at  M  as  the  di^ribution  for  a 
motor,  and  the  difference  shown  at  D  for  a  dynamo  machine. 

The  electro-motive  force  in  a  dynamo  is  therefore  proportional 
to  2  B  D,  and  in  a  motor  to  2  B  M. 


Fio.  16a. 
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Generalising  roughly,  for  all  shapes  of  machines  it  may  be 
said  that,  whilst  the  electro-motive  force  due  to  the  rotation 
remains  what  it  was  before  for  the  field-magnet  distribution,  viz., 
n  W  /  {%)  COS.  (^  —  7),  it  assumes  a  diflferent  form  for  the  arma- 
ture from  that  previously  obtamed. 

In  the  previous  case,  when  the  action  of  the  iron  of  the  field- 
magnets  on  the  armature  field  was  neglected,  it  was  easy  to 


Fio.  18. 

express  the  equation  for  the  curve  AAA,.  Fig.  17,  in  terms  01 
0y  (f)j  and  7,  and  from  this,  by  making  0  equal  to  ^,  to  find  the 
expression  for  the  electro-motive  force  due  to  the  armature  field. 
But  in  the  second  case,  when  the  disturbing  action  of  the  soft  iron 
of  the  field-magnets  is  taken  into  account,  we  cannot  from  the  one 
curve  AAA,  Fig.  18,  express  its  equation  in  terms  of  ^,  ^,  and 
7,  seeing  that  the  one  curve  alone  gives  no  indication  of  how  its 


£L£OTBO-MOTOBB  AND  THEIB  OOTEBKUENT.     [Iby  lOtb, 

form  yaries  with  changes  in  0  and  7. 
We  have  therefore  in  Fig.  19  drawn 
the  cnrve  A  A  A  for  Tariona  valneB 
of  0  +  7,  equal  reBpectively  to 
-  67J°,  -  45%  -  22i%  0",  22i% 
45",  67i%90»,  112^". 

As  before,  the  homontal  line  rep- 
resente  the  development  of  the  centre 
line  of  the  ring,  and  the  ordinates  of 
any  particolar  curve  the  number  of 
lines  of  force  due  to  the  armature 
field  as  affected  hj  rotation  and  by 
the  presence  of  the  iron  of  the  field- 
magnets  which  pass  through  a  g4h1 
on  the  armature  at  any  angular  dis- 
tance, d,  &om  the  origin  for  that 
valae  of  ^  +  7  for  which  the  par- 
ticular curve  has  been  selected. 

From  these  curves  in  Fig.  19,  by 
giving  to  7  the  values  0",  22^%  45", 
67i°,  and  90°,  we  have  calculated 
numbers  proportional  to  the  respec- 
tive electro-motive  forces  due  to  the 
rotated  and  distorted  armature  field 
divided  by  the  speed  of  rotation. 
This  we  have  done  by  measuring  the 
ordinate  which  in  each  case  for  each 
curve  corresponds  with  the  position 
of  the  brush.     For  instance,  to  find 

,.     E.M.F.     .         .     ,  1     ^^0 

the when  9+7  equals  ^5 

and  7  equals  22^°,  we  must  first 
select  the  curve  corresponding  with 
0  +  7,  equal  to  45°;  next  we  see 
that  the  brush  vbich  has  the  lead  0 
or  (0  +  7)  —  7  is  really  at  22^° 
from  the  zero.     Hence  G-  H,  to  the 
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left  of  the  figure,  is  proportional  to  the  — :7— ^  in  this  case.    The 


n 


following  table  gives  all  the  results  so  obtained : — 


^  +7. 

E3LF,  -H  n  for  the  foUowing  valaes  of  y. 

7-0. 

7  -  22io. 

7  -  46'». 

7  -  07*^ 

7-90°. 

-«7i 

—  46 

—  22| 

0 

22j 
46 
871 
90 
112i 

—  0^ 

—  1-00 

—  179 
0 

176 
1-01 
0-58 
0 

—  077 

0-67 
0-12 
0-lS 
0-72 
2*60 
2*42 
1-88 
1-46 
0-67 

1-87 
112 
0-87 
1-88 
2*47 
8-00 
8-04 
276 
1-88 

276 
1*92 
1-67 
1-88 
2*88 
288 
8*60 
8-62 
2-67 

8*88 
2*48 
2*00 
2-00 
200 
276 
8-29 
4fOO 
8-22 

From  these  numbers  we  have  drawn  curves  shown  in  Ficr.  20. 

E.M.F. 
connecting  ^  +  7  and     '  J     for  each  of  the  values  of  y;  and, 


n 


finally,  firom  these  latter  curves  we  find  that  the  electro-motive 
force  due  to  the  rotation  of  the  coils  in  the  armature  field,  as 
twisted  by  rotation  and  distorted  by  the  iron  of  the  field-magnets, 
is  proportional  to 

(1  +  0-8  COS.  7)  sin.  2  (^  +  i  7)  +  0-5  cos.  2  7 
X  sin.  4(^  +  i  7)  +  3  sin.  7, 

or,  finally,  that  the  total  electro-motive  force  in  a  dynamo  or 

motor  due  to  all  causes  is 

A  ' 

71/(71)  W  [F  cos.  (^  -  7)  +  -|-  {(1  +  0-8  COS.  7)  sin.  2  (^  +  i  7) 

+  0-5  cos.  2  7  sin.  4  (^  +  J  7)  +  3  sin.  7}  ]♦ 

the  negative  sign  being  taken  for  a  dynamo,  and  the  positive  sign 
for  a  motor.  For  the  numbers  0-8  and  0*5  and  3  in  this 
expression,  literal  coefficients  may  be  applied  to  express  the 
general  condition. 

Now  as  to  the  scale  of  these  diagrams,  it  will  be  seen  firom 
what  has  gone  before  that  ^  A  is  to  be  used  to  express  the 
greatest  number  of  lines  of  force  passing  through  any  part  of  the 
armature  when  ^  equals  90^  and  7  equals  0^,  and,  according  to 
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our  scale  of  measurement  employed    in  the  diagrams  above, 
Aeqnals  4. 

This  expression,  although  complicated  in  appearance,  will  be 
found  very  useful,  since  it  takes  into  account  all  the  disturbing 
action  arising  from  the  action  of  the  iron  of  the  rotating  armature 
on  the  field  due  to  the  field-magnet,  as  well  as  the  disturbing, 
action  of  the  iron  of  the  field-magnet  on  the  field  set  up  by  the 
current  flowing  round  the  rotating  armature. 


FiQ.  20. 


Best  Kelative  Sizes  of  the  Abbiature  and  Field-Magnet 

IN  A  Dynamo  and  in  a  Motor. 

Having  arrived  at  the  complete  expression  for  the  electro- 
notive  force  in  a  dynamo  or  in  a  motor,  we  can  now  determine 
the  pr(^r  relative  proportions  to  give  to  the  armature  and  field- 
magnet  m  each  type  of  machine. 

Let  C  and  C  be  the  currents  passing  round  the  field-magnet 
and  armature  respectively ;  then,  since  W  and  Vf'  are  the  num- 
bers of  convolutions  on  the  field-magnet  and  armature, 

WC  WQf 


F  '  A  •  • 


l  +  «C-l  +  «'C" 
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or  if  the  iron  cores  of  both  the  field-magnet  and  of  the  armature 
are  fax  from  saturation,  then,  approximately, 

F:  A  ::  wc:  wc. 

On  referring  back  to  the  complete  expression  for  the  electro- 
motive force  in  terms  of  n^  ^,  and  7,  we  see  that  we  may  roughly 
state  the  second  part  as  W  A  sin.  2  (^  +  ^  7).  Hence  for  a  rough 
generalisation  we  may  say  that  the  electro-motive  force  equals 

nf{n)  W  (F  COS.  ^  qp  A  sin.  2  </>), 

and  using  the  last  proportion,  the  electro-motive  force  E  is  pro- 
portional to 

nf(n)  W  (W  Cco8.<l>  +  W  a  sin.  2  ^), 

or  the  electrical  power  of  the  dynamo  or  motor 

C  E  oc  C  nf(n)  W  (W  C  cos.  </>  T  W  (T  sin.  2  </>). 

Now  let  us  assume  that  the  field-magnet  and  armature  form 
together  one  continuous  magnetic  circuit,  such  as  would  be 
produced  by  an  anchor  ring  all  wound  with  coils  of  wire  forming 
one  or  more  distinct  circuits,  and  traversed  by  currents  all  flowing 
in  the  same  direction ;  then,  if  all  parts  of  this  magnetic  circuit 
be  equally  heated,  the  magnetic  moment  of  any  part  will  be 
simply  proportional  to  its  length,  whatever  be  the  number  of 
convolutions  on  this  particular  part  or  the  currents  flowing 
through  them.  Hence,  if  the  field-magnet  and  armature  in  a 
dynamo  or  motor  be  equally  heated  by  the  currents  passing  round 
them,  W  C  and  W  C  will  be  simply  proportional  to  the  lengths 
of  the  two  portions  into  which  we  divide  this  closed  magnetic 
circuit,  and  which  are  called  respectively  field-magnet  and  arma^ 
ture.  If,  therefore,  L  and  I  be  the  lengths  of  the  magnetic  circuit 
given  up  to  the  field-magnet  and  to  the  armature  respectively, 
L  +  i  =  constant,  say,  K,  for  a  machine  of  a  given  type  and 
weight.    And  since,  as  we  have  shown, 

C  E  oc  nf(n)  (L  i  COS.  ^  +  Z*  sin.  2  ^), 

we  have  to  determine  L,  Z,  and  ^,  so  that  the  latter  expression 
may  become  as  large  as  possible. 

First,  let  us  take  the  case  of  the  negative  sign,  and  let  ^  be 
positive  (that  is,  the  machine  is  a  dynamo  with  a  forward  lead  or 
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a  lead  in  the  direction  of  rotation),  then  it  will  be  found  that  the 
expression  has  a  maximum  for  a  very  small  value  of  L    For 

example,  if  d>  is  30%  then  the  maximum  is  obtained  when  I  equals 

K  7 

-J  .    If  ^  is  45**,  then  I  equal  to  ^  K  makes  the  expression  a 

maximum,  etc.  In  other  words,  in  a  dynamo  machine  in  which 
the  brushes  have,  as  is  usually  the  case,  a  forward  lead,  the  arma- 
ture should  be  very  small  compared  with  the  field-magnet,  and 
should  be  the  smaller  the  greater  is  the  lead  of  the  brushes. 

Second,  let  us  take  the  case  of  the  positive  sign,  and  let  ^  be 
positive,  which  corresponds  with  the  case  of  a  motor  having  a 
forward  lead,  then  it  will  be  found  that,  except  for  very  small 
values  of  ^,  the  expression  for  the  electro-motive  force  has  no 
maximnm  in  the  mathematical  sense  of  the  expression,  but, 
instead,  that  as  I  increases  the  electro-motive  force  continuously 
increases ;  hence,  for  any  value  of  ^,  such  as  20%  I  should  be  made 
as  large  as  possible,  to  make  the  electro-motive  force  as  large  as 
possible.  In  a  motor,  then,  the  armature  should  be  by  far  the 
largest  part  of  the  machine. 

If  we  assume  merely  that  the  weight  of  the  machine  is  a 
constant,  which  is  roughly  the  same  thing  as  saying  that  the  sum 
of  the  volumes  of  the  field-magnet  and  armature  is  a  constant, 
and  if  we  assume  that  in  making  the  field-magnet  or  armature 
larger  or  smaller  in  volume  we  increase  the  dimensions  in  all 
directions,  so  that  the  shorter  part  is  thick  and  the  long  part 
thin,  then  we  shall  have  some  such  relation  as  A*  +  F*  =  a 
constant,  say,  K',  if  the  volumes  of  the  two  component  parts  of 
the  machine  are  considered  as  being  proportional  to  the  squares 
of  their  greatest  magnetic  strengths. 

If,  now,  we  take  the  case  of  a  motor,  that  is,  use^the  positive 
sign  in  the  expression  for  the  electro-motive  force,  then  we  find 
that  a  maximum  is  obtained  when 

A«  =  A  K», 
and  sin.  ^  =  f  > 

or  ^  =  42%  approximately. 
Hence  the  armature  must  have  90  per  cent,  of  the  whole  weight, 
and  the  field-magnets  only  10  i)er  cent. 
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-  On  the  other  haod,  if  tor  the  dynamo  we  take  the  B&me  value 
of  0  with  the  negative  sign,  then  ire  find  that  the  maidmnm 
electro-motive  force  is  obtained  when  it  is  the  armature  that 
has  only  abont  10  per  cent,  of  the  whole  weight,  and  the  field- 
magnet  90. 

We  have  every  reason  to  believe,  therefore,  that  an  investiga- 
tion concerning  these  relative  sizes  in  a  motor  made  to  any  design 
such  as  we  can  at  present  imagine,  if  soft  iron  is  used  in  the  field- 
magnet,  must  have  the  result  that  the  armature  part  ought  to 
form  a  much  greater  part  of  the  whole  weight  than  the  field- 
magnet  part,  whereas  in  a  dynamo  machine  it  is  the  armature  to 
which  the  very  small  weight  is  given. 


Fio.  SI. 

When  we  consider,  however,  that  the  apparent  resistance  of  a 
motor  or  dynamo  due  to  sell-induction  is  in  proportion  to  the 
armature  strength,  we  find  that  it  is  necessary  to  make  the 
armature  less  in  importance  than  might  be  assumed  &om  the 
above  investigation,  and  onr  own  practical  rule  at  present  in  the 
motors  shown  to  the  meeting  consists  in  making  the  field-magnet 
about  one  quarter  of  the  weight  of  the  armature. 

It  must  be  remembered  that  it  is  not  merely  a  condition  for 
greatest  steady  power  of  a  motor  or  djmamo  which  we  have  been 
looking  for,  but  also  a  condition  for  greatest  efficiency  with  a 
greatest  steady  power,  because  of  two  machines  of  the  same 
power,  when  heated  up  to  less  than  a  destructive  temperature, 
the  larger  will  waste  most  power. 
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Now  an  armature,  from  its  shape,  is  necessarily  a  weak  magnet, 
while  the  field-magnet,  from  its  shape,  is  a  strong  one ;  hence  in 
our  motors  we  have  reversed  the  usual  condition  of  things,  and 
made  the  armature  large  and  the  field-magnet  small,  and  from 
this  we  have  been  led,  as  will  be  seen  from  the  accompanying 
figure  (No*  21),  to  make  the  armature  stationary  and  surrounding 
the  field-magnet,  instead  of,  as  is  usual,  the  field-magnet  sur- 
rounding the  armature. 

Our  small  field-magnet,  F,  then  carries  the  brushes  and 
revolves  inside  the  stationary  armature.  A,  the  coils  of  which,  as 
is  seen  in  Figs.  1,  2,  3,  and  24,  are  joined  to  the  stationary  com- 
mutator, C  C,  which  on  some  of  our  motors  we  make  flat,  to  save 
both  space  and  expense,  while  in  others  it  is  cylindrical,  as  this 
gives  rise  to  less  friction  than  the  flat  commutator.  Wherever 
the  brushes,  B,  happen  to  be  at  any  particular  moment,  their  two 
opposite  magnetic  poles  are  produced  on  the  armature,  or  rather 
the  poles  are  produced  at  two  points  in  the  armature,  a  little 
behind  the  brushes.  As  the  brushes  run  round  and  round,  so  do 
these  poles,  and  the  brushes,  which,  be  it  remembered,  are  carried 
by  the  field-magnet,  are  so  set  that  the  magnetic  poles  in  the 
armature  are  always  a  little  way  in  front  of  the  poles  of  the  field- 
magnet.  The  latter,  therefore,  are  perpetually  running  after  the 
former,  but  never  catching  them. 

We  have  spoken  about  the  lead  of  the  brushes,  which  we  have 
seen  is  of  great  practical  importance,  since  the  amount  of  lead 
decides  not  merely  which  way  the  motor  revolves,  or  whether  it 
revolves  at  all,  but  also  whether  the  fields  due  to  the  field-magnet 
and  armature  are  added  to  one  another  or  subtracted  from  one 
another  in  producing  the  resultant  field.  Although  the  taxst  that 
the  direction  of  rotation  could  be  reversed  by  a  sufficient  change 
in  the  lead  was  well  known,  the  importance  of  varying  the  lead  in 
motors  for  different  speeds  appears  to  be  little  attended  to,  since, 
as  a  rule,  it  is  impossible  in  motors,  firom  their  construction,  to 
make  small  changes  in  the  lead.  In  our  motors,  on  the  other 
hand,  the  flat  brush-holder  can  be  revolved  forwards  or  backwards 
by  hand  through  any  angle,  so  that  any  lead  forwards  or  back- 
wards can  be  given  to  the  brushes  for  each  speed,  and  in  our 
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larger  motors,  one  of  which  is  shown  in  Fig.  3,  the  lead  can  be 
made  anything  we  like  simplj  by  moving  a  handle,  H,  such  as 
a  locomotive  engine-driver  is  accustomed  to  use  for  acting  on  the 
link-motion  of  his  engine.  Push  the  handle,  shown  enlarged  in 
Figs.  22  and  23,  forwards,  and  the  motor  revolves  rapidly  in  one 
direction;  pnll  it  backwards,  and  it  revolves  as  rapidly  in  the 
other  direction.  Push  it  not  so  far  forwards,  and  it  does  not 
revolve  so  &st  in  the  first  direction ;  pull  it  not  bo  for  backwards, 
and  it  does  not  revolve  so  fost  backwards.  In  fact,  by  moving  the 
handle  forwards  or  backwards,  any  speed  in  either  direction  is 
obtainable.     The  action  of  oar  "lead  adjuster"  is  as  follows: — 


Attached  to  the  rotating  field-magnet  is  the  spindle,  S  S,  which  is 
itself  attached  to,  and  rotates  with,  the  outer  collar,  C  C  On- 
poshing  the  handle  forwards  or  backwards,  this  collar  is  moved 
along  the  spindle,  and  the  efiect  of  this  is  to  cause  a  pin  to  move 
along  the  groove,  G-  Gr,  and  so  cause  the  inner  collar.  P  P,  which 
usually  rotates  along  with  C  C  and  the  field-magnet,  to  move  a 
little  forwards  or  backwards  relatively  to  C  C.  Now  it  is  the 
collar,  P  P,  which  is  screwed  to  the  brush-holder,  hence  we  are 
able,  even  when  the  motor  is  running,  to  shift  the  brushes 
relatively  to  the  field-magnet  together  with  which  they  are 
rotating,  and  consequently  to  give  any  lead  forwards  or  backwards 
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we  desire.  In  other  cases  we  alter  the  lead  by  means  of  a  wheel, 
W,  and  screw,  as  seen  in  Fig.  24,  and  so  get  very  easily  a  very 
accurate  adjustment.  A  table  of  speeds  can  be  engraved,  showing^ 
the  position  the  handle  should  be  in  for  500  revolutions  a  minute, 
or  700  revolutions  a  minute,  etc. 


Effect  of  Lead  on  the  Brushes  on  Sparking. 

We  have  already  explained  that  one  cause  for  the  sparking  at 
the  brushes  arises  from  self-induction,  but  there  will  be  another 
cause  arising  from  an  electro-motive  force  existing  in  the  coil 
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short-circuited  at  a  brush,  if  such  a  coil  be  cutting  lines  of  force 
owing  to  the  brush  not  being  at  a  neutral  part  of  the  resultant  field. 
Hence^the  importance  of  placing  the  brushes  at  the  neutral  part 
of  the  resultant  field.  In  a  dynamo  a  forward  lead  will  do  this, 
as  shown  from  the  following  figure  (No.  25),  where  S  N  represents 
the  magnetic  axis  of  the  field  in  the  armature,  produced  by  the 
current  flowing  round  the  field-magnet,  and  modified  by  all  the 
iron  in  the  machine ;  N'  S'  the  magnetic  axis  of  the  field  pro- 
duced in  the  armature  by  the  current  flowing  round  the  armature, 
and  modified  by  all  the  iron  in  the  machine ;  and  8  n  the  axis  of 
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the  resultant  magnetic  field,  which  is  at  right  angles  to  B  B,  the 
line  of  the  brashes. 

If  the  machine  is  a  motor  with  a  forward  lead,  then  the 
polarity  of  N'  S',  due  to  the  armature  coils,  must  be  reversed,  and 
we  have  the  arrangement  shown  in  Fig.  26.  The  axis  of  the 
resultant  fields  is  now  not  perpendicular  to  the  line  of  the 
brushes,  and  so  there  must  be  some  sparking ;  but  the  two  are 
more  perpendicular  than  in  Fig.  27,  where  the  direction  of 
rotation  is  reversed,  and  which  would  correspond  with  a  dynamo 
having  a  backward  lead.     Consequently,  while  in  a  dynamo  a  back 
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lead  of  the  brushes,  corresponding  with  the  two  fields  strengthen- 
ing one  another,  would  be  to  some  extent  balanced  by  excessive 
sparking,  this  is  not  so  much  the  case  in  a  motor  with  a  forward 
lead  of  the  brushes,  since  the  twist  in  the  field,  due  to  the 
rotation,  assists  the  perpendicularity  of  magnetic  axes  in  a  motor 
while  it  diminishes  it  in  a  dynamo.  And  as  a  proof  that  putting 
the  brushes  with  a  backward  lead  in  a  motor,  so  as  to  prevent  all 
sparking,  is  really  detrimental  to  the  power  and  eflBciency  of  the 
motor,  we  append  the  following  results  of  experiments  made  by  us 
on  this  subject,  using  a  motor  weighing  thirty  pounds,  consisting 
of  a  Gramme  ring  rotating  inside  a  Siemens  field-magnet: — 
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Bemarks. 
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Very  littia  fpukdng  at  the  brmheg 

Maoh  fparUng  at  the  braahet    ». 

Leae  aparking  at  the  brnahea      .^ 

Knoh  aparking  at  the  brnahea    ^ 

Leaa  aparking  at  the  brnahea 

(Sparking  partly  dne  to  the  brnahea) 
(    requiring  trimming    ...    »•    .»    ) 

Aa  the  brnahea  were  obaerred  to  be 
not  making  aa  good  contact  aa 
poaaible  with  the  oommntator  the/ 
were  here  taken  off  and  trimmed, 
and  the  experimenta  rei>eated. 

Little  aparking  at  the  bmahee   ...    »^ 

Knoh  mote  aparking  at  the  bmahei  .» 
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A  negative  lead  means  a  lead  in  the  direction  of  the  lead 
ordinarily  given  to  the  brushes  in  a  motor,  or  against  the  direction 
of  rotation. 

From  an  examination  of  the  potential  difference  at  the  ter- 
minals with  the  current  sent  through  the  motor  in  each  case,  it 
will  be  seen  that  for  a  lead  of  0°  there  is  the  highest  back  electro- 
motive force.  Further,  from  an  examination  of  the  table  of 
efficiencies  it  is  seen  that  a  lead  of  0^  gives  a  higher  efficiency 
than  a  negative  lead. 

It  has  already  been  pointed  out  that  the  condition  of  non- 
sparking  at  the  brushes,  apart  from  self-induction,  is  the  same  as 
the  condition  that  the  number  of  lines  of  force  cutting  a  coil 
should  not  alter  as  the  coil  passes  a  brush ;  and,  referring  to  Fig. 
18,  we  see  that  this  is  the  same  as  saying  that  the  brush  should 
be  at  the  top  of  a  crest  or  at  the  bottom  of  a  wave  in  the  curve 
for  the  resultant  number  of  lines  of  force  cutting  a  coil.  In  the 
case  of  the  curve  D,  corresponding  with  a  dynamo  with  a  forward 
lead,  we  see  that  this  condition  is  fulfilled  with  considerable 
accuracy,  and  also  that  it  is  approximately  fulfilled  in  the  case  of 
the  curve  M,  corresponding  with  a  motor  with  a  forward  lead. 

In  Fig.  27  we  have  already  seen  roughly  what  would  happen 
if  we  employed  a  backward  lead  in  a  dynamo.    Let  us  now,  with 
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the  aid  of  the  curves  shown  in  Fig.  19,  consider  how  far  the 
employment  of  the  stmi  of  the  strengths  of  the  fields  due  respect- 
ively to  the  armature  and  field-magnet,  instead  of  the  difference, 
which  is  all  that  is  ordinarily  made  use  of,  would  be  beneficial. 
Let  us  take  ^  +  7  equal  to  —  22^**,  and  (f>  to  about  —  35® ;  that 
is  to  say,  let  there  be  a  back  lead  of  35®.  The  number  of  lines  of 
force  then  cutting  a  coil  at  a  brush,  due  to  the  armature  field  as 
affected  by  the  rotation,  as  well  as  by  the  distorting  action  of  the 
field-magnet,  will  be  represented  by  something  like  J  K  in  Fig. 
19,  corresponding  with  an  angular  distance  of  —  35°  in  the  curve 
corresponding  with  ^  -h  7  equal  to  22^^.  Now  J  K  is  very  small, 
and,  further,  the  number  of  lines  of  force  due  to  the  field-magnet 
cutting  the  coil  when  at  a  brush  at  —  35®,  corresponding  with  J  K, 
Fig.  18,  is  also  much  smaller  than  its  value,  B  K,  at  the  brush 
when  it  has  a  forward  lead.  Hence  the  sum  of  these  two  sets  of 
Unes  of  force  for  a  back  lead  may  not  be  so  large,  compared  with  the 
corresponding  differences  when  the  brush  has  a  forward  lead,  as  to 
counterbalance  the  injurious  effect  of  sparking. 

Determination  of  the  Power  and  Efficiency  of  Motor. 

Absorption  Dynamometers. 

The  power  in  watts  given  to  a  motor,  or  indeed  to  any  circuit 
to  which  electric  energy  is  being  supplied,  is  equal  to  the  current, 
C,  in  ampdres  passing  through  the  circuit  multiplied  into  the 
potential  difference,  V,  in  volts  at  the  terminals.  A  portion,  C"  E, 
of  the  power  so  furnished  to  the  motor  is  wasted  in  heating  the 
motor,  due  partly  to  the  statical  resistance  of  the  motor,  Eq,  or 
resistance  of  the  motor  at  rest,  and  partly  to  the  increase  in  the 
resistance,  n  p,  already  referred  to,  and  which  is  produced  by 
self-induction.  The  remainder  of  C  V,  which  is  equal  to  C  t; 
where  v  is  the  back  electro-motive  force  in  volts  produced  by  the 
motion,  is  converted  immediately  into  mechanical  energy  of 
rotation,  but  not  necessarily  into  useful  energy,  since  a  portion  of 
the  power  the  motor  produces  is  spent  in  overcoming  the  me- 
chanical friction  at  the  bearings  and  the  mechanical  friction  of 
the  brushes  rubbing  on  the  commutator,  while  another  portion  is 

spent  in  overcoming  air  fnction  and  what  may  be  called  magnetic 
VOL.  xn.  24 
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friction — ^that  is,  the  resistance  arising  from  the  generation  of 
Foucaolt  currents  in  all  pieces  of  metal,  the  number  of  lines  of 
force  cutting  which  is  alternately  increased  and  diminished  as 
the  movable  part  of  the  motor  rotates ;  and  it  is  only  a  third 
portion  of  the  power  the  motor  develops  which  is  useftilly  given 
out,  this  latter,  in  watts,  being  equal  to  the  torque,  T,  multiplied 
by  -71,  the  number  of  revolutions  per  minute,  where  T  therefore 
stands  for  the  moment  of  the  twisting  couple  exerted  by  the 
moment  in  pound  feet  divided  by  44"25. 

The  following  table  shows  graphically  the  way  in  which  the 
power  supplied  to  a  motor  is  used  up : — 


C^E 


[2.  (? 


Cv 


1-    (7  Kg. 

np. 

3.  Power  spent  in  overcoming  the  friction  at  the 
bearings  and  the  friction  of  the  brushes^ 
against  the  commutator. 

C  V  s  4.  Power  spent  in  overcoming  magnetic  friction 

\  arising  from  the  creation  of  Foucault  cur- 

rents and  in  overcoming  the  friction  of  the 
air. 

5.  Power  usefully  given  out  by  the  motor,  and 
^        equal  to  T  n. 

The  real  power  of  the  motor  is  simply  of  course  T  n,  and  the 

efficiency  only  w^.     In  theoretical  calculations  not  unfrequently 

4  is  totally  neglected ;  indeed,  in  the  published  calculation  of  the 
efficiency  of  a  well-known  motor  that  recently  was  brought  to  our 
notice,  2,  3,  and  4  were  neglected,  and  the  efficiency  was  said 
to  be  90  per  cent.  Indeed,  C^npis  almost  invariably  neglected^ 
so  that  only  C*  E,  is  assumed  to  be  the  waste  of  energy  from 
heating,  whereas  it  must  necessarily  be  C?  (E©  -f  n  p\  even  if  all 
masses  of  metal  in  which  Foucault  currents  might  be  generated 
were  so  electrically  subdivided  as  to  diminish  the  generation  of 
such  currents  to  a  very  small  amount. 

To  measure,  then,  the  power  and  efficiency  of  a  motor,  the 
important  things  to  observe  are  C,  V,  T,  and  n.    T  may  be 


1883.]  ELECTRO.MOTOES  AND  THEIB   GOVEBNMENT.  845 

measured  with  some  form  of  absorption  dynamometer,  of  which 
we  have  found  the  compensating  forms  devised  by  Professor 
James  Thomson,  by  M.  Carpentier,  and  by  M.  Bafiard  very  con- 
venient, while  the  older  Prony  brake  can  be  made  to  give  fairly 
good  results  for  a  short  time  if  a  constant  stream  of  water  be 
allowed  to  flow  over  it.  "" 

In  making  experiments  on  motors,  it  is  very  important  to  be 
able  to  keep  the  torque  constant  while  changes  are  made  in  the 
speed,  in  order,  for  example,  to  see  exactly  how  for  a  constant 
torque  the  current  varies  with  the  speed.  With  the  simplest  form 
of  absorption  dynamometer,  consisting  of  a  cord  or  band  passing 
ovcF.  a  pulley,  and  having  imequal  weights  attached  to  its  extre- 
mities, this  is  almost  impossible,  since,  in  order  to  keep  the  diflfer- 
ence  of  the  weights  constant,  it  is  necessary,  if  the  coeflScient  of 
fidction  between  the  cord  and  the  pulley  alters,  to  alter  the 
smaller  weight,  and  hence  also  the  larger.  This  is  easily  seen 
from  the  equation 


-Q  =  QV2-71828-1/ 


P 

where  P  and  Q  are  the  two  weights,  k  the  coeflicient  of  friction,  I 
the  length  of  the  cord  wrapped  on  the  pulley,  of  which  the  radius 
is  r.  Now,  as  even  with  careful  lubrication  it  is  diflScult  to  keep 
it,  the  coeflScient  of  friction,  perfectly  constant,  and  as  also  it  is 
difficult  to  arrange  to  increase  or  diminish  both  weights  as  the 
coefficient  alters,  it  follows  that  this  simple  dynamometer  cannot 
be  employed,  as  the  cord  is  constantly  tending  to  slip  oflF  on  one 
side  or  the  other  of  the  pulley.  If  a  spring  balance  be  attached 
to  the  cord  on  the  side  on  which  the  tension  is  greatest,  the 
arrangement  becomes  automatically  adjusting,  but  it  does  so  by 
P  varying  to  suit  i,  hence  P  —  Q  is  not  a  constant.  The  Prony 
brake  is  to  a  certain  extent  an  improvement  on  this,  because 
alterations  in  the  coefficient  of  friction  can  to  a  certain  extent  be 
compensated  for  by  tightening  up  the  screws  of  the  brake-block 
by  hand,  without  altering  the  weights  attached  to  the  end  of  the 
lever.  The  compensating  dynamometers  referred  to  above  are, 
however,  better  still,  since  with  these  the  length  of  band  wrapped 
round  the  pulley  is  automatically  adjusted  as  the  coefficient  of 
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friction  alters.    And  further,  the  torque,  which  is  proportional 
to  P— Q  can  be  increased  simply  by  increasing  P,  and  without 

* 

altering  Q,  since  here,  again,  I  automatically  changes  to  suit  this 
change. 

In  spite,  however,  of  these  advantages,  there  are  certain  disad- 
vantages attending  the  use  of  such  a  compensating  dynamometer, 
arising  from  the  fact  that  it  is  quite  a  distinct  instrument  from 
the  motor,  and  has  to  be  carefully  coupled  to  the  shaft  of  the 
motor,  considerable  precaution  being  necessary,  even  when  a 
flexible  coupling  is  employed,  to  avoid  friction  being  introduced 
by  a  strain  on  the  two  shafts. 


hJ 


V  J 


AtBTON  and  PxRET'S  CoKPINSATINO  DlNAKOlinXR. 

Fig.  28. 

We  have  therefore  set  ourselves  to  devise  some  simpler  form 
of  compensating  absorption  dynamometer,  and  have  arrived  at 
excellent  results  by  using  a  most  simple  expedient.  In  the  Prony 
brake  the  amount  of  pressure  between  the  brake  and  the  pulley  ig 
adjusted  by  screwing  up  the  tightening  screws  by  hand,  to  com- 
pensate for  changes  in  the  coe£Scient  of  friction :  in  the  Thomson, 
Carpentier,  and  Baffard  dynamometer  it  is  the  length  of  the  band 
wrapped  round  the  pulley  that  is  automatically  altered ;  but  the 
plan  we  adopt  consists  in  keeping  the  length  of  the  cord  fixed, 
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but  automatically  varying  the  nature  of  the  cord  in  contact  with 
the  pulley.  Figure  28  shows  the  exact  arrangement  we  employ. 
On  the  shaft  of  any  motor  of  which  the  power  and  eflSciency  are  to 
be  tested,  is  keyed  a  grooved  wheel  of  suitable  diameter,  and  in 
the  grove  of  this  wheel  is  placed  a  cord  carrying  two  unequal  weights 
at  its  ends  in  the  ordinary  way.  The  two  halves  of  the  cord  are  of 
very  unequal  thicknesses  and  coeflScients  of  fiiction,  the  junction 
between  the  two  portions  being  slightly  tapered.  The  thicker  and 
rougher  part  of  the  cord  cfuries  the  smaller  weight,  and  is  there- 
fore on  the  descending  part  of  the  wheel,  and  the  compensating 
action,  which  we  find  to  be  very  perfect,  it  is  very  easy  to  understand. 
If  from  the  drying  up  of  the  lubricant,  or  from  any  other  cause, 
the  coefficient  of  friction  between  the  grooved  wheel  and  the  cord 
becomes  greater,  the  larger  weight  is  raised,  and  were  there  no 
adjusting  arrangement  it  would  be  thrown  over  the  wheel.  But 
the  ascending  of  this  larger  weight  causes  less  of  the  rougher,  and 
more  of  the  smoother  cord  to  be  wrapped  on  the  wheel.  Hence 
the  larger  weight  rises  only  far  enough  for  this  change  to  be 
efifected  to  a  siifficient  degree  to  compensate  for  the  increase  in 
the  coefficient  of  friction.  And  if  the  coefficient  of  friction 
diminishes,  it  is  the  larger  weight  which  descends  a  certain 
amount,  causing  more  of  the  rougher,  and  less  of  the  smoother 
cord  to  be  wrapped  on.  It  is  obvious  that,  by  using  a  grooved 
wheel  of  sufficiently  large  diameter,  the  sum  of  the  weights,  and 
consequently  the  pressure  of  the  motor  shaft  on  its  bearings, 
corresponding  with  any  given  torque,  can  be  made  as  small  as  we 
like. 

It  was  not  until  near  the  completion  of  this  investigation  in 
motors  that  we  devised  the  new  form  of  compensating  absorption 
just  described ;  hence  the  majority  of  our  experiments  have  been 
made  with  a  Baffard  dynamometer.  We  have  already  explained 
the  importance  of  using  a  flexible  coupling  between  the  shaft  of 
this  dynamometer  and  the  motor  shaft;  and  in  the  case  of  small 
motors,  where  the  useful  torque  is  necessarily  small,  the  utmost 
care  must  be  taken  to  avoid  the  introduction  of  even  a  small 
unknown  resistance  at  this  coupling,  if  the  maximum  power  of  the 
motor  is  to  be  obtained.    With  such  small  motors,  we  have  found 
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that  a  long  spiral  spring,  with  coils  of  comparatively  small 
diameter,  formed  a  very  good  flexible  coupling. 

And  the  same  kind  of  spiral  spring  coupling  we  have  used 
to  connect  the  speed  counter,  or  the  speed  indicator,  with  the 
motor,  since  the  ordinary  plan  of  pressing  by  means  of  the  hand 
the  speed  counter  or  indicator  against  the  revolving  spindle  of  the 
motor  is  quite  inadmissible  when  testing  small  motors,  as  the 
variable  hand-pressure  introduces  a  serious  unknown  error  into 
the  results.  A  speed  indicator  which  gives  the  speed  at  any 
moment  is  the  more  convenient,  but  its  calibration  must  not  be 
forgotten  to  be  made,  by  comparing  its  readings  at  different  speeds 
with  the  results  obtained  with  a  speed  counter,  seeing  that  the 
majority  of  the  speed  indicators  we  have  met  with  have  had  quite 
appreciable  errors  in  the  graduation.  We  have  foimd  it,  however, 
quite  easy  to  obtain  very  consistent  readings  by  using  a  speed 
counter  turning  constantly  with  the  motor;  for  although  the 
counter  is  continually  revolving,  we  find  it  possible,  at  a  speed  of 
2,000  revolutions  a  minute,  not  to  make  an  error  of  more  than 
6  or  7  revolutions,  or  only  about  j^  per  cent.,  by  observing  it 
when  in  motion  at  the  beginning  and  end  of  a  certain  interval  of 
time. 


Connection  between  Back  Electko-motive  .Force  and  Speed 

OF  A  Motor. 

Considering  the  somewhat  complicated  way  in  which  the 
fields  due  respectively  to  the  annature  and  to  the  field-magnet 
are  distorted,  each  by  the  iron  core  of  the  other,  and  that  both 
fields  are  carried  round  through  a  certain  angle  by  the  motion,  it 
is  very  striking  to  find  even  in  our  motors,  where  not  merely  the 
field- magnet  field  but  also  the  armature-field  is  made  intentionally 
important,  that,  whatever  be  the  lead  of  the  brushes,  the  back 
electro-motive  force  is  proportional  to  the  speed  if  the  currents 
passing  through  the  motor  be  kept  constant.  Thus,  for  example, 
with  our  normal  size  motor  here  on  the  table,  with  six  positions 
of  the  brushes  differing  successively  by  fifteen  degrees,  we  obtain 
as  the  result  of  a  large  number  of  experiments. 
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6  =  %  X  0-01193  for  <^  =  9° 
«  =  71  X  0-01160  „  <^  =  -  6"* 
e^  n  X  0-01110  „  <^  =  -  21^ 
e  =  n  X  0-01050  „  <^  =  -  36° 
e  =  n  X  0-00901  „  <^  =  —  51*" 
e  =  n  X  0-00589  „  <^  =  —  66*" 
where  n  is  the  number  of  revolutions  per  minute. 

The  e  here  mentioned  is  obtained  by  subtracting  C  B©  from 
the  potential  difference  established  at  the  motor  terminals.  To 
obtain  the  true  back  electro-motive  force,  v,  we  ought,  as  already 
explained,  to  subtract  a  term,  Cnpyin  consequence  of  the  increase 
of  the  resistance  arising  from  the  rotation.  Hence,  for  a  constant 
current,  if  e  is,  as  we  find,  proportional  to  the  speed,  so  ought  v  to 
be.  It  follows,  then,  that  although  y  increases  with  the  speed, 
and  although  the  expression  given  on  page  333  for  the  true  back 
electro-motive  force  increases  with  7,  still  it  is  a  constant  for 
a  constant  value  of  C  and  </>.  Now,  for  a  constant  current,  v  may 
be  expressed  as  a  function  of  n  multiplied  by  a  function  of  (f>  and 

71,  or 

f{n)  xf{<f>,n); 

and  V  we  have  proved  is  independent  of  71  if  <^  is  constant.  Hence 
when  71  is  altered, /(ti)  must  vary  in  inverse  proportion  to /"(^  71). 
If  we  consider  the  above-mentioned  values  of  e,  and  divide 
them  by  71,  we  obtain  a  series  of  constants  for  each  lead ;  or,  if  we 
plot  the  values  of  e  for  a  fixed  current  and  for  a  fixed  speed,  we 
obtain  the  form  o{f^(<f>i  71),  since  v  and  e  for  a  fixed  current  and 
a  fixed  speed  only  differ  by  a  constant.  This  we  have  done  in 
Fig.  29  for  a  speed  of  2,000  revolutions  per  minute,  in  which  case 
the  following  were  the  corresponding  values  of  e  and  ^ : — 


«. 

♦• 

23-85  , 

+  9" 

23-2 

-  6 

22-21 

-  21 

21-01 

-  36 

18-02 

-56 

11-78 

-  66 

It  is  interesting  here  to  notice  the  fact  on  which  we  have  already 
laid  great  stress,  namely,  that  a  back  lead,  although  it  may  cause 
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.less  sparking,  does  so  at  the  expense  of  the  back  electro-motiYe 
force,  which  we  observe  diminishes  steadily  as  the  lead  becomes 
more  and  more  negative. 
We  have  already  seen  that 

V  =  nx(<t>y  C), 
and  C  V  =  C?  (Bo  +  np)  +  C  t; ; 

also  that  Cv  =  P-hnr-h'^, 

where  P  is  the  power  utilised,  n  r  the  power  wasted  in  material 


Fro.  29. 


friction,  and  '^  the  power  waBted  in  magnetic  friction  and  friction 
with  the  air.    Hence  the  efficiency  of  the  motor  E 

—       ^  C  %  (</>,  C)  —  7ir  —  -^fr 

~  c«(Ko  -h  7i2>)  -h  Tic  X  (</>, cy 
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A 

— 

n 

B 

( 

n 

+ 

1) 

80  that  if  ^  and  C  are  constants 


E  = 


But  we  find  that,  whatever  the  lead  of  the  brushes  may  be,  there 
is  a  certain  speed  for  every  lead  beyond  which  not  only  does  the 
efficiency  diminish,  but  it  diminishes  proportionately  to  the  in- 

crease  of  speed — ^that  is,  as  soon  as  —  becomes  insignificant  in 

comparison  with  D,  we  have  E  following  a  law  of  the  shape 

E  =  a  —  671. 

Hence  we  see  that  '^  must  be  proportional  to  the  square  of  n 
— that  is,  the  waste  of  power  due  to  magnetic  fidction  and  the 
friction  of  the  air  must  be  proportional  to  the  square  of  the  speed, 
or  the  Motional  force  is  proportional  to  the  speed,  the  ordinary 
rule  for  fluid  friction. 

The  following  sets  of  numbers  obtained  firom  experiments 
with  one  of  our  normal  size  motors,  weighing  36  lbs.,  before 
making  the  improvements  described  further  on,  are  examples  of 
the  results  firom  which  we  have  deduced  the  law  just  stated : — 

FlROBNTAOl  EfFICIBNCT  AT  TBI  fOLLOWINO  8P1BD8. 


Bbtoldtzoxi 

pn  Hnnnn. 

LtAO. 

000 

800 

1,000 

1,SOO 

1,400 

i,eoo 

1,800 

2,000 

^  - 

-  66»    

25-8 

290 

29-9 

80-8 

29-4 

281 

26-5 

24*6 

^  - 

-  51«    

26-2 

28-6 

29-5 

28-6 

26-6 

28-4 

21-4 

18  0 

^  - 

-  86*    

24-9 

260 

26-8 

25-6 

24*2 

22-0 

18-9 

14-8 

^  - 

-  21^    

26-2 

271 

260 

23-6 

20-8 

16-2 

11-6 

60 

^  « 

-    6^    

22-6 

25-4 

240 

21-2 

170 

120 

5-8 

— 

^  - 

9*»    

20-8 

20-6 

19-8 

17-9 

140 

8-0 

0-9 

— 

p  - 

24'    

17-4 

17-4 

16-6 

14-7 

120 

6-9 

2-6 

— 

p  - 

89'     ^     ... 

12-9 

13-4 

10-2 

8-9 

4-2 

O^M^ 

» 

— 

The  two  great  sources  of  loss  of  power  in  dynamos  and  motors 

are— 

1 .  Loss  by  electric  resistance. 

2.  Loss  by  magnetic  friction. 
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In  small  motors  we  find  that  when  the  first  of  these  is  great 
the  second  is  small,  and  when  the  second  is  great  the  first  is  smalL 
This  is  to  be  expected ;  for  when  the  magnetic  field  for  a  given 
current  is  made  very  strong,  by  means  of  pieces  of  iron  protruding 
from  the  armature,  the  motor  becomes  a  powerful  one,  only  a 
small  amoimt  of  power  being  wasted  in  heat  due  to  wire  resist- 
ance. But  this  very  protrusion  of  pieces  of  iron  produces  neces- 
sarily discontinuity  in  the  magnetic  field,  so  that,  although  the 
average  field  set  up  by  the  armature  through  which  the  field- 
magnet  moves  is  a  constant  relatively  to  the  field-magnet,  it 
imdergoes  fluctuations,  and  so  causes  heat  in  the  iron  of  the  field- 
magnet,  in  addition  to  the  heat  set  up  in  the  iron  of  the  armature 
by  the  constant  reversals  of  the  current  in  it.  Thus  we  find  in  our 
motors,  where  the  resultant  magnetic  field  due  to  the  armature 
and  field  magnets  is  very  powerful,  that  it  is  magnetic  friction 
that  we  have  to  strive  to  diminish ;  whereas  in  motors  made  on  the 
Oramme  or  Siemens  principle  it  is  the  heating  due  to  resistance 
that  is  so  much  in  excess.  Similarly  in  the  De  Meritens  machine, 
a  complete  set  of  experiments  on  which  is  about  to  be  given,  the 
magnetic  friction  is  comparatively  small. 

This  being  the  case,  we  use  these  observations  to  illustrate  how 
any  machine  may  be  taken  up  by  a  student,  and  the  law  for  its 
eflBciency  and  power  determined  without  his  binding  himself  down 
to  any  theory  of  the  loss  due  to  magnetic  friction.  But  when 
taken  up  in  this  way,  even  the  experiments  on  the  De  Meritens 
machine  show  the  loss  due  to  magnetic  friction  is  proportional  to 
the  square  of  the  speed. 

This  object  alone  would  not  have  been  a  suflScient  reason  for 
putting  before  the  members  such  a  large  number  of  results  of 
experiments,  but  we  give  these  numbers  mainly  because  we  are 
not  aware  that  any  such  complete  set  of  observations,  so  careftilly 
made  on  a  motor,  has  yet  been  published.  And  as  there  are 
many  persons  who  are  anxious  to  investigate  this  important 
question  of  motors,  and  who  have  no  opportunity  of  making 
observations  for  themselves,  it  has  appeared  to  us  desirable  that 
accurate  data  should  be  at  their  disposal. 
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The  first  thing  we  proceed  to  find  is  the  dei>endence  of  torqae 
on  current.  It  is  usoallj  assumed  that  for  a  given  current  the 
torque  is  independent  of  the  speed;  but  in  making  such  an 
assumption  the  error  is  made  of  neglecting  magnetic  friction,  and 
of  assuming  that  the  attraction  between  the  field-magnet  and 
armature  is  constant  for  a  given  current  passing  round  them,  the 
effect  of  the  rotation,  in  first  shifting  the  position  of  the  poles, 
and,  secondly,  in  weakening  the  strength  of  the  resultant  mag- 
netic field  due  to  the  field-magnet  and  armature,  being  neglected. 
We,  on  the  other  hand,  have  invariably  found  that  as  the  speed 
increases  it  requires  a  greater  and  greater  current  to  produce  a 
given  torque. 

The  following  gives  a  set  of  results  obtained  when  using  a 
motor  weighing  30*8  lbs.,  consisting  of  a  Crranmie  armature 
turning  between  a  Siemens'  field-magnet,  the  load  on  the  dynamo- 
meter, or  difference  of  weights,  being  kept  quite  constant  at 
0*88  lbs.,  and  which  corresponded  with  a  useful  power  developed 
of  0*1  horse-power,  at  about  3,400  revolutions  per  minute : — 


Kamber  of 
revolutions 
per  miiittto. 

Current  in 
amperes. 

932 

5'4 

1,543 

6-3 

2,527 

6-7 

3,134 

7-3 

3,252 

7-7 

4,117 

8-7 

Fig.  30  shows  the  curves  connecting  currents  with  speeds  for 
various  constant  torques  in  the  De  Meritens  motor.  The  increase 
of  current  with  speed  is  not  nearly  so  great  as  in  the  case  of  the 
previous  motor,  but  it  is  quite  observable,  and  the  curves  are  very 
interesting,  as  they  enable  us  to  calculate  for  the  particular  motor 
the  current  necessary  to  produce  any  particular  torque  at  any 
speed.  Thus,  taking  these  measurements  for  speeds  of  200  and 
of  3,000  revolutions  per  minute,  we  obtain  the  two  sets  of  points 
shown  in  Fig.  31 ,  evidently  lying  in  the  curves  A  B  and  C  D.  If 
T^  is  the  torque  produced  by  a  given  current,  C,  when  the  speed 
is  200,  and  Tjqoo  the  torque  produced  by  the  same  current  when 
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the  speed  is  3,000  revolutions  per  minute,  we  have  found  that 
Tjpp  —  T5000  divided  by  C  is  nearly  constant  for  all  values  of  C 
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employed,  and  that  the  difference  also  seems  to  be  proportional 
to  the  difference  of  speeds  when  other  speeds  are  taken.    Hence 
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we  arrive  at  the  concltLsion  that  in  proper  units  the  diminution  in 

torque  for  a  given  current  is 

•00000096  wC. 

Drawing,  now,  from  this,  the  imaginary  curve  for  no  speed,  and 

shown  in  E  B,  Fig.  31,  we  find  that  this  curve  satisfies  the  rational 

law, 

^   ^     0-002  (^ 

'       1  +  0-08  C' 
To  being  the  torque  for  a  speed  0 ;  so  that  for  any  other  speed, 
71,  we  have 

T  =  ,  ^'^!,?'    -  0-00000096  71 C. 
1  4-  0-08  C 


20  M 

AMP£R£8. 


It  will  be  observed  that  in  these  experiments  the  friction  of  the 
bearings  of  the  motor  and  dynamometer  is  neglected,  both  being 
small. 

Instead  of  using  the  above  numbers,  we  shall  say 

T  =  C/(C)-a7iC, 


so  that 


-p  =  f(C)  —an. 


In  Fig.  32  we  have   plotted  /(C),    which  is  the   value  of 
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T  T 

~ ,  for  w  equals  nought.     We  have  also  plotted  -^  for  a  speed  of 

3,000  revolutions  per  minute,  and  for  a  speed  0.    The  efficiency 

T  n      T       V 
of  the  motor  is,  as  already  stated,  ^^  or  ^^  h .    In  Fig.  32 
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there  are  drawn  the  curves  for  — ,  corresponding  with  various 

T 
speeds.    Now,  if  we  imagine  a  set  of  curves  drawn  for  t^  ,  for  the 

various  speeds  (all  of  which,  for  speeds  between  0  and  3/X)Q 
revolutions  a  miiiute,  will  of  course  be  between  those  drawn  for 
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T 

77  for  71  equal  0,  and  for  n  equal  3,000  respectively),  then  if  two 

T  V 

corresponding  curves  for  p-  and  for  --  be  drawn  for  the  same  speed, 

the  ordinate  of  the  first  curve  divided  by  the  larger  ordinate  of 
the  second  curve  for  the  same  current  will  give  the  efficiency  of 
the  motor  for  that  speed  and  current.  An  examination  of  the 
curves  shows  that  for  great  speeds  there  does  not  seem  to  be 
much  variation  in  the  efficiency,  if  we  vary  the  speed  while 
keeping  the  current  constant,  whereas  at  lower  speeds  the 
efficiency  is  much  diminished  by  further  diminishing  the  speed. 

We  next  desire  to  plot  a  curve  showing  how  the  apparent  back 
electro-motive  force,  6,  or  V  —  C  E©,  divided  by  71,  varies  with  the 
current  in  the  De  Meritens  machine,  but  we  find  that  this  function 
is  not  independent  of  speed,  as  we  have  found  it  to  be  in  our  own 
motor.  We  have  therefore  assumed  that  the  law  is  true,  and 
taken  an  average  curve  for  all  our  observations.  Such  a  curve  we 
find  satisfies  the  law, 

e        -,^.   ^     C  0-0147 

Now  V  _  6^      CEJ 

n"  n        n  ^ 

and  we  have  already  proved  that 


T 

n  =/(C)  -an, 


C 

therefore  the  efficiency 

^_  Cf(C)-anC 

C/(C)  +  6^0  +  ^'^^l*^  +  ^ 

where  /TC^  -      ^^^^ 

^*'®'®  J^*^^  -  1  +  0-08  C 

and  a  =  0'00000096, 

and  the  power  in  watts  aseAilly  ^ven  out  by  this  motor 

P  =  «{C/(C)  -anC}. 

Hence  we  can  at  once  calcnlate  both  the  efficiency  of  this  motor 
and  the  power  it  will  usefully  develop  when  running  at  any 
speed  and  when  any  current  is  flowing  through  it. 
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For  the  purpose  of  ascertaining  what  efficiency  and  power  can 
practically  be  obtained  with  motors  of  different  makers,  of  various 
sizes,  running  at  different  speeds,  and  with  different  loads,  we 
have  made  a  considerable  number  of  experiments  &om  time  to 
time. 

The  smallest  motor  we  have  tested  is  a  Grriscom  motor, 
weighing  2i  lbs.  A  great  many  experiments  were  made,  running 
the  motor  at  different  speeds  with  different  loads,  but  the  highest 
load  or  difference  of  weights  that  could  be  used  with  a  dynamo- 
meter, of  which  the  circumference  was  20  centim^res,  without 
the  current  dangerously  heating  the  motor,  was  found  to  be 
0*55  lb.,  and  a  sample  of  the  results  so  obtained  is  appended : — 


• 

GUSCOK  MOTOE, 

2|  LBS. 

RerolutionB 
permlnate. 

Current  in 
amp^rea. 

potential 

difference 

at  terminals 

in  Yolts. 

Load  on 

dynamo. 

meter  in  lbs. 

Horse.power 
gi^en  in. 

Horse.power 
giren  ont. 

Bffloienoy. 

633 
1,136 
1,691 
2,120 
2,433 

63 
6-5 
68 
6-7 
6-7 

10-6 
12-8 
14-9 
16-4 
17-4 

0-55 

•  «• 

•  •• 

•  •• 

•  «  • 

0O891 

0-112 

0-135 

0147 

0-156 

0H)0693 

0-0124 

00185 

00232 

00266 

0O778 

0-111 

0137 

0-168 

0-171 

Besistance  of  this  motor  when  wanu  was  1*1  ohms. 

It  was  found,  however,  at  the  end  of  these  experiments,  that 
a  current  of  6*7  amperes  was  really  far  too  much  for  this  motor, 
seeing  that,  had  we  continued  the  experiments,  the  motor  would 
have  been  probably  damaged.  We  therefore  ascertained  what  was 
the  greatest  current  that  could  be  sent  for  any  considerable  time 
through  this  motor  without  injuring  it,  and  we  found  that  a  cur- 
rent of  about  5  to  5^  amperes  was  the  greatest.  The  horse-power 
given  out  by  the  motor  in  the  preceding  table  is  therefore  higher 
than  can  actually  be  obtained  in  practice,  and  the  results  con- 
tained in  the  following  set  of  experiments  more  nearly  express  the 
normal  working  conditions  of  the  Grriscom  motor : — 
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0BI8OO1C  MOIQS,  2|  LBS. 

(Second  Set) 

B«To]ntioii8 
p0r  minute. 

Current  in 
sntperes* 

Potential 

difference 

at  terminals 

inrolte. 

Load  on 
dynamo- 
meter in  lbs. 

Hone.power 
glTenia. 

Horse.power 
glfVi  out. 

■flkaiaiiQy. 

613 

974 

1,489 

1,996 

2,620 

8-9 
4-5 
4-6 
4^7 
4-9 

7-9 

9-5 

10-7 

12-3 

13-8 

0-22 

«  •• 

«  •• 
«•• 

•  •• 

•0416 
•0671 
•0668 
•0774 
•0674 

•00225 
•00427 
•00630 
•00874 
•0110 

•0642 

•0747 

•0951 

•118 

•126 

A  useful  power  of  about  *015  horse,  with  an  eiSciency  of 
about  13  per  cent,,  is  the  greatest  that  can  be  obtained  for  any 
length  of  time  with  the  normal  size  Griscom  motor. 

The  next  motor  in  size  employed  was  a  motor  with  a  Gramme 
armature  and  Siemens'  field-magnet,  weighing,  with  base  plates, 
8*03  lbs.  Tests  were  made  with  loads  varying  firom  0*55  to 
1*1  lbs.  on  the  same  dynamometer,  and  a  sample  of  the  results 
with  the  greatest  load  that  could  be  safely  employed  is  appended : 

OsAiocx  Abkaturs  •)  ,^  ^  ^^ 

,  _        _,  J  Motor,  8-08  lbs. 


Beroltttione 
per  minnte. 

Oorrentin 
ampbree. 

Potential 

difference 

at  terminaU 

inyolta. 

Load  on 

dynamo. 

meter  in  lbs. 

Horee-power 
given  in. 

Horie*poifer 
given  out. 

Efficiency. 

808 
1,200 
1,968 
2,868 

16^8 
16-8 
17-1 
16-9 

8-9 
10-0 
12-0 
13-8 

M 

■•• 
••• 
••• 

0-201 
0-226 
0-229 
0-814 

0-0176 
0O268 
0O428 
0-0625 

0O876 
0-147 
0-187 
0-199 

Besistance  of  this  motor  when  wann  was  0-443  ohm. 

The  Jablochkoff  motor,  weighing  20*9  lbs.,  was  the  next 
tested,  and  the  following  results  were  obtained  with  the  largest 
load  that  could  be  employed  with  a  safe  current : — 


Jabloohko??  Motor,  20-9  lbs. 

Berolntions 

Current  in 
amperes. 

Potential 

dilference 

at  terminals 

in  volts. 

Load  on 

dynamo- 

meter  in  lbs. 

Horsepower 
given  in. 

Horse.poweT 
given  oni. 

282 
406 
609 
680 
780 

8*9 
7-0 
81 
8-9 
9-6 

20-6 
22-8 
26-4 
29-2 
81-8 

0-88 

... 

.«• 

•  a. 
... 

0-189 
0-199 
0-286 
0-847 
0-408 

0-00494 

000711 

0K)107 

0O119 

OK)187 

0O261 
OH)88S 
OH)878 
0O84S 
0-0886 

Besistance  of  this  motor  when  warm  was  1^17  ohms. 
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This  motor  gave,  as  will  be  seen,  very  small  results,  both  as 
regards  the  power  given  out  and  the  efficiency.  This  arises  £rom 
the  fact  that  thb  motor,  whether  regarded  &om  an  electric  or 
from  a  mechanical  point  of  view,  is  extremely  defective  in  con- 
struction.  When  furnished  to  us  the  armature  and  field-magnets 
were  in  parallel  circuit,  but  as,  from  the  construction  of  the  motor, 
during  every  revolution  there  are  two  places  where  the  armature 
is  entirely  short-circuited  by  the  brushes,  it  follows  that  this 
arrangement  in  parallel  circuit  is  very  bad.  We  thei:efore  joined 
it  up  in  series  for  our  tests,  but  even  then  its  bad  construction, 
mechanically  and  electrically,  prevented  it  doing  more  than  a 
small  amount  of  work,  and  doing  it  very  economically. 

As  to  the  mechanical  defects,  the  Jablochkoff  motor  consists 
of  two  circular  coils,  like^  the  coils  of  a  tangent  galvanometer, 
placed  at  an  angle  of  45°  with  one  another,  while  a  third  circular 
coil,  having  a  slightly  smaller  diameter  than  the  two  fixed  coils, 
revolves  inside  them,  with  its  axis  making  an  angle  of  45°  with 
the  axis  of  rotation.  As  the  moment  of  inertia  of  the  revolving 
coil  is  very  considerable,  there  is  a  large  couple  due  to  the  rotation, 
tending  to  diminish  the  angle  between  the  axis  of  the  coil  and  the 
axis  of  rotation,  and  this  torque  is  so  large  that  even  at  speeds  of 
700  revolutions  we  found  it  necessary  to  strengthen  the  mechanical 
connections  of  this  coil  with  the  axis  to  prevent  its  being  pulled 
out  of  position. 

Sir  Wm.  Thomson  has  lately  drawn  attention  to  the  import- 
ance of  placing  the  €uds  of  dynamo  machines  on  board  ship 
parallel  with  the  axis  of  the  ship  about  which  it  rolls,  in  order  to 
prevent  undue  strain  being  put  on  the  bearings  of  the  running 
dynamo  machine  when  the  ship  rolls.  But  the  JablochkoflF  motor 
is  so  made  as  to  put  the  maximum  strain  on  the  shaft  when 
rotating. 

The  next  motor  was  one  with  a  G-ramme  ring  and  Siemens' 
field-magnet,  weighing  30*8  lbs.  It  was  of  the  same  general  con- 
^ruction  as  the  Gramme  motor  previously  tried,  but  not  quite 
the  same  in  shape — that  is,  the  proportions  of  the  various  parts 
were  not  the  same.  With  this  larger  Gramme  motor  various 
loads  and  various  speeds  were  employed,  as  in  the  previous  cases^ 
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the  greatest  load  that  could  safely  be  used  being  0*88  lbs,,  the 
circumference  of  the  compensating  dynamometer  employed  in 
experimenting  with  this  motor  being  33*3  centimHres,  and  larger 
than  before.  The  following  is  a  sample  of  the  results  so 
obtained : — 

GrammbBiko  ]  Motoe,  80-8  IBS. 


Bevolniions 
per  minute. 

Onzrentln 
ampteee. 

Potential 

difference 

at  terminals 

in  Tolti. 

Load  on 
dynamo- 
meter in  Ibi. 

Hone.power 
given  in. 

Hone.power 
gireaont. 

Effiolenoy. 

982 

6-4 

12-8 

0-88 

0  0920 

0O272 

•296 

1,648 

68 

20-2 

0-170 

0^0461 

•866 

2,627 

6-7 

28-4 

0-265 

0O788 

•289 

8,184 

7-8 

84-6 

0*839 

0O916 

•270 

8,262 

7-7 

88*4 

0-896 

0-0951 

•241 

4,117 

8-7 

^•6 

0-628 

0120 

•226 

BesiBtance  of  this  motor  when  warm  was  0*973  ohms. 

The  results  given  in  this  paper,  combined  with  some  thousands 
of  experiments  made  on  our  normal-size  motor,  have  led  us,  since 
reading  this  paper,  to  the  means  of  effecting  an  important  im- 
provement in  the  direction  of  diminishing  the  magnetic  friction 
in  these  motors;  and,  by  so  doing,  we  have  been  enabled  to 
increase  the  power  from  0*25  to  0*30  horse,  and  the  efficiency 
irom  30  to  40  per  cent. 

The  following  is  a  sample  of  the  restdts  obtainable  with  our 
37  lbs,  motor,  with  its  field-magnet  made  of  the  latest  shape,  and 
from  which  it  will  be  seen  that  its  power  and  efficiency  both  far 
exceed  anything  we  have  yet  obtained  with  any  other  motor  of 
about  the  same  weight. 

In  the  following  experiments  the  current,  and  not  the  load, 
was  kept  constant,  as  we  were  desirous  of  seeing  what  the  motor 
would  do  at  various  speeds  when  heated  to  the  same  amount. 

« 

Some  Results  obtained  with  Aybton  and  Perry's  Normal-sizb 

Motors,  weighing  37  lbs. 

The  circumference  of  the  circle  formed  by  the  axis  of  the  cord 
of  the  dynamometer  used  in  these  experiments,  and  shown  in 
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Fig.  28,  was  3'13  feet.    The  colamns  headed  W  and  W^  give  the 
weights  in  pounds  in  the  two  scale  pans  of  Fig.  28. 


Beroln. 

tionspar 

minute. 

Onrrent 

in 
amp^ree. 

Potential 
differenoe 

atter. 
minalsin 

volts. 

W. 

w». 

W  — W,. 

Horse- 
power 
given  in. 

Horse. 

power 

given  out. 

720 

26-9 

12-6 

2-876 

•876 

2-0 

•441 

•14 

•317 

1,570 

26-8 

190 

2-062 

•876 

1-687 

-646 

•241 

•873 

1,710 

25-8 

21-8 

2-000 

•376 

1-626 

•727 

•266 

•365 

8,006 

25-5 

251 

2-000 

•488 

L-562 

•860 

-297 

•346 

Lead 

of  bru 

shes    no 

w  Chang  ed. 

860 

217 

12-0 

1-987 

•876 

1^662 

•360 

•127 

•368 

1,570 

21-7 

17-6 

1-687 

•812 

1-376 

•401 

•204 

•401 

1,190 

21-6 

141 

1-812 

•876 

1^487 

•407 

•162 

•897 

1,880 

21-2 

19«8 

1-600 

•288        1-212 

•668 

•216 

•383 

The  retifltance  of  the  motor  when  hot  was  0-2  ohms. 

The  following  gives  a  r68xnn6  of  the  best  working  restdts  as  to 
power  and  efficiency  that  we  have  obtained  with  motors  weighing 
from  2  to  500  lbs :— 


Name  of  motor. 

Weight  of 
motor  in  lbs. 

Horse.power 

actually  given 

out. 

Bevolntlons 
I>er  minute. 

Bffioienoy* 

Oriflcom           2-6 

^  0-016 

2,500 

0-18 

Gramme  armature     ... 
Siemens'  field-magnet 

X      808 

0-0626 

2,868 

0199 

Jablochkoff      

20-9 

0-0187 

780 

OK)886 

Gramme  armature     ... 
Siemens'  field-magnet 

}    ^S 

(    0-0788 
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We  have  to  thank  several  of  our  students  for  valuable  assist- 
ance rendered  us  during  the  course  of  this  investigation ;  and  our 
thanks  are  especially  due  to  Mr.  Tomlinson  for  his  indefatigable 
exertions. 
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Thp  Pbbsident  :  I  am  very  sorry  that  we  have  not  more  time 
at  our  disposal  to-night,  particularly  to  go  into  discussion  on  so 
very  important  a  paper,  but  we  have  a  ballot.  Professors  Ayrton 
and  Perry  have  told  you  of  some  apparatus  they  wish  you  to  see ; 
and,  as  it  is  now  10  o'clock,  I  am  afiraid  we  shall  not  be  able  to 
take  any  discussion  to-night.  I  might  also  say  that  our  next 
meeting  will  be  the  last  meeting  before  the  summer  recess,  and 
on  that  night  Professor  Hughes  will  bring  before  us  a  paper  upon 
Magnetism.  Therefore  I  must  ask  you  at  once  to  give  a  hearty 
vote  of  thanks  to  Professors  Ayrton  and  Perry  for  their  valuable 
paper. 

I  should  like,  however,  just  to  ask  Professor  Ayrton  whether 
the  weight  of  dynamos  he  mentioned  as  giving  a  certain  result 
was  the  total  gross  weight, — ^that  is,  the  weight  of  the  iron  frame, 
copper  and  iron  magnet, — or  whether  it  simply  included  the  copper 
and  the  magnet ;  because  I  think  that  would  make  a  difference 
in  the  restdts. 

Professor  W.  E.  Ayrton,  F.R.S. :  The  weight  mentioned  is  the 
total  weight  of  the  armature,  including  base  plate  and  anything 
that  is  supplied  with  the  motor  when  purchased.  The  horse- 
power that  I  wrote  down  on  the  board  is  the  horse-power  given 
out  effectively  by  the  motor :  the  efficiency  does  not  enter  into 
that  number.  Efficiency  tells  you  what  the  horse-power  put  into 
the  motor  must  be  when  you  know  the  horse-power  given  out. 
I  mention  that  because  it  has  just  been  stated  to  me  that  the 
steam-engine  had  beaten  motors.  I  think  that  is  a  mistake. 
Large  steam-engines  may  possibly  have  beaten  small  electro- 
motors, just  as  large  steam-engines  have  beaten  small  steam- 
engines;  but  small  steam-engines  have  not  yet  beaten  small 
motors.  I  know  of  no  small  steam-engine  which  will  give  one 
horse-power  per  100  lbs.  of  dead  weight,  inclusive  of  boiler,  coal, 
and  everything  which  must  go  with  the  engine.  But  this  is 
accomplished  in  a  motor. 

On  the  motion  of  the  President,  a  hearty  vote  of  thanks  was 
unanimously  accorded  to  Professors  Ayrton  and  Perry  for  their 
paper. 
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A  ballot    then    took    place,  at  which  the    following    were 
elected: — 

As  Foreign  Members : 
J).  H.  Bates.  |  Emile  Baudot. 

As  Member : 
Edward  Hopkinson,  D.Sc. 

As  Associates  : 


Frank  Bailey. 

Harry  Bird. 

John  Bolton. 

Henry  William  Boms,  Ph.D., 

F.C.S. 
K.  Heywood  Glaxton. 
Edward  Gardner  Colton. 
John  Tudor  Crome. 
Bobert  Darby. 
G.  Dudley. 
Commander  Douglas  Methuen 

Forsyth,  EJS. 
C.  B.  Heap. 


Lieut.   H.   Capel  L.  Holden, 

B.A. 
Captain  Bichard  Hare  Home, 

E.A. 
Ernest  Arthur  Kennedy. 
John  Lavender,  jun. 
James  P.  MacGreggor. 
Kenneth  Maclver. 
Earnest  G.  Pink. 
C.  H.  Pownall. 
Sidney  Hugh  Smith. 
W.  C.  Smythe. 
Henry  John  Staples. 


As  StudemJts  : 
A.  P.  Chattock.  |  Henry  Justus  Eck. 

John  Peter  Gorton. 

The  meeting  then  adjourned  until  Thursday  evening,  24th 
May,  1883. 
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The  One  Hundred  and  Twenty-fourth  Ordinary  General  Meeting 
of  the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening. 
May  24th,  1883— Mr.  Willoughby  Smfth,  President,  in 
the  Chair, 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  names  of  new  candidates  were  announced,  and,  on  the 
proposition  of  the  President,  the  meeting  decided  to  ballot  for  the 
new  members  at  the  close  of  the  present  meeting,  in  preference 
to  the  usual  practice  of  waiting  until  the  following  meeting, 
seeing  that  the  summer  vacation  would  intervene. 

The  following  paper  was  then  read : — 

THE  CAUSE  OF  EVIDENT  MAGNETISM  IN  IRON,  STEEL, 

AND  OTHER  MAGNETIC  METALS. 

By  Professor  D.  E.  Hughes,  F.R.S.,  Vice-President, 

The  extreme  sensitiveness  of  the  induction  balance  to  all 
molecular  changes  in  the  structure  of  metals  was  remarked  in  my 
first  paper  on  this  subject  to  the  Royal  Society  ;•  and  in  the  case 
of  iron  and  steel  it  is  most  remarkable,  as  the  addition  or 
subtraction  of  ^o^ooji  part,  or  the  addition  of  the  smallest  iron 
filing  to  jBJi  already  large  balanced  mass  of  iron,  is  at  once 
rendered  evident  and  measureable. 

Possessing  such  an  invaluable  instrument  of  research,  I  was 
desirous  of  investigating  the  molecular  construction  of  iron  and 
steel,  but  at  once  I  met  with  a  difficulty,  viz.,  that  magnetism 
itself  completely  changed  the  character  of  any  piece  of  iron  under 
investigation ;  consequently,  finding  no  help  or  explanation  of  the 
effects  produced  from  any  accepted  theories  of  magnetism,  I  was 
forced  to  investigate,  by  means  of  the  induction  balance,  the 
whole  question  of  magnetism  as  existing  in  the  interior  of  a 


*  «0n  an   Induction  Current  Balance,  and   Experimental   Besearches 
made  therewitli." — Proceedings  BoyaX  Society,  March  29,  p.  56, 1879. 
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magnet,  and  to  determine  the  particular  structure  for  each  case, 
such  as  neutrality  and  polarity. 

In  a  recent  paper  to  the  Royal  Society,  upon  the^  theory  of 
magnetism,*  I  described  the  use  of,  and  demonstrations  obtained 
by,  the  induction  balance.  In  this  paper  I  propose  to  confine 
myself  to  demonstrations  that  can  be  repeated  without  it,  and 
whose  effects  can  be  observed  by  the  aid  of  ordinary  magnetic 
direction  needles. 

That  magnetism  is  of  a  molectdar  nature  has  long  been 
accepted,  for  it  is  evident  that,  no  matter  how  much  we 
divide  a  magnet,  we  still  have  its  two  poles  in  each  separate 
portion,  consequently  we  can  easily  imagine  this  division  carried 
so  far,  that  we  should  at  last  arrive  at  the  molecule  itself  possess- 
ing its  two  distinctive  poles,  consequently  all  theories  of  magnetism 
attempt  some  explanation  of  the  cause  of  this  molecular  polarity, 
and  the  reason  for  apparent  neutrality  in  a  mass  of  iron. 

Couloumb  and  Poisson  assume  that  each  molecule  is  a  sphere 
containing  two  distinct  magnetic  fluids,  which  in  the  state  of 
neutraUty  are  mixed  together,  but  when  polarised  are  separated 
from  each  other  at  opposite  sides ;  and,  in  order  to  explain  why 
these  fluids  are  kept  apart  as  in  a  permanent  magnet,  they  had 
to  assume,  again,  that  each  molecule  contained  a  peculiar  coercive 
force,  whose  functions  were  to  prevent  any  change  or  mixing  of 
these  fluids  when  separated. 

There  is  not  one  experimental  evidence  to  prove  the  truth  of 
this  assumption;  and  as  regards  coercive  force,  we  have  direct 
experimental  proof  opposing  this  view,  as  we  know  that  molecular 
rigidity  or  hardness,  as  in  tempered  steel,  and  molecular  freedom 
or  softness,  as  in  soft  iron,  fulfil  all  the  conditions  of  this 
assumed  coercive  force. 

Ampdre's  theory,  based  upon  the  analogy  of  electric  currents, 
supposes  elementary  currents  flowing  around  each  molecule,  and 
that  in  the  neutral  state  these  molecules  are  arranged  hap-hazard 
in  all  directions,  but  that  magnetisation  consists  in  arranging 
them  symmetrically. 


*  Proeeedingt  Royal  SooUty,  May  10, 1888. 

VOL.  xn.  26 
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The  objections  to  Ampere's  theory  are  niimeroos.  Ist.  We 
have  no  knowledge  or  experimental  proof  of  any  elementary 
electric  currents  continually  flowing  without  any  expenditure  of 
energy.  2nd.  If  we  admit  the  assumption  of  electric  currents 
around  each  molecule,  the  molecule  itself  would  then  be  electro- 
magnetic, and  the  question  still  remains,  What  is  polarity  ?  Have 
the  supposed  electric  currents  separated  the  two  assumed  mag- 
netic fluids  contained  in  the  molecule,  as  in  Poisson's  theory  ?  or 
are  the  electric  currents  themselves  magnetic,  independent  of  the 
iron  molecule  ? 

In  order  to  produce  the  supposed  heterogeneous  arrangement 
of  neutrality,  Ampere's  currents  weuld  have  either  to  change  their 
position  upon  the  molecule,  and  have  no  fixed  axis  of  rotation,  or 
else  thejmolecule,  with  its  currents  and  polarities,  would  rotate, 
and  thus  be  acting  in  accordance  with  the  theory  of  De  la  Bive. 
3rd.  This  theory  does  not  explain  why  (as  in  the  case  of  soft  iron) 
polarity^should  disappear  whenever  the  exciting  cause  is  removed, 
as  in  the  case  of  transient  magnetisation.  It  would  thus  require 
a  coercive  force  in  iron  to  cause  exactly  one-half  of  the  molecules 
to  instantly  reverse  their  direction,  in  order  to  pass  from  apparent 
external  polarity  to  that  of  neutrality. 

The  influence  of  mechanical  vibrations  and  stress  ui)on  iron  in 
facilitating  or  discharging  its  magnetism,  as  proved  by  Matteucci, 
1847,  in  addition  to  the  discovery  by  Page,  1837,  of  a  molecular 
movement  taking  place  in  iron  during  its  magnetisation,  produ- 
cing audible  sounds,  and  the  discovery  by  Dr.  Joule,  1842,  of  the 
elongation  of  iron  when  magnetised,  led  De  la  Bive,  in  his 
remarkable  "Treatise  on  Electricity,"  1853,  to  give  his  theoretical 
views  upon  magnetism  in  the  following  remarkable  words: — 

"The  whole  of  the  magnetic  molecular  phenomena  that  we 
have]Jt>een  studying  lead  us  to  believe  that  the  magnetisation  of  a 
body  is  due  to  a  particular  arrangement  of  its  molecules,  originaUy 
endowed  with  magnetic  virtue,  but  which  in  the  natural  state  are 
so  arranged^that  the  magnetism  of  the  body  that  they  constitute 
is  not  apparent.  Magnetism  would  therefore  consist  in  disturb- 
ing this  state  of  equilibrium,  or  in  giving  to  the  particles  an 
arrangement  that  makes  manifest  the  property  with  which  they 
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are  endowed,  and  not  in  developing  it  in  them.  The  coercitive 
force  should  be  the  resistance  of  the  molecules  to  change  their 
relative  positions.** 

Wiedermann,  in  1861,  gives  a  theory  in  which  he  admits  the 
fluids  of  Poisson,  or  the  elementary  currents  of  Ampere,  as  the 
cause  of  polarity  of  the  molecule,  but  believes  that  the  molecules 
are  turned  in  a  general  direction  in  the  case  of  polarity,  and  that 
in  neutrality,  like  Ampdre's  the  magnetic  axes  of  the  molecules 
are  turned  in  all  directions. 

Maxwell,  in  his  remarkable  treatise  on  "  Electricity  and  Mag- 
netism," 1881,  page  75,  gives  the  following  r6sum^  of  Weber's 
theory : — 

"  Weber's  theory  dififers  from  Poisson's,  in  assuming  that  the 
molecules  of  the  iron  are  always  magnets,  even  before  the  appli- 
cation of  the  magnetising  force,  but  that  in  ordinary  iron  the 
magnetic  axes  of  the  molecules  are  turned  indifferently  in  every 
direction,  so  that  the  iron,  as  a  whole,  exhibits  no  magnetic 
properties."  And  again,  page  429,  Maxwell  says  he  agrees  with 
Weber's  views,  and  that  neutrality,  or  unmagnetised  iron,  has  the 
axes  of  its  molecules  placed  indifferently  in  all  directions,  and 
that  the  act  of  magnetisation  consists  in  turning  all  the  molecules 
so  that  their  axes  are  either  rendered  all  parallel  to  one  direction, 
or  at  least  deflected  in  that  direction. 

I  have  quoted  these  several  theories  which  admit  of  the 
inherent  polarity  of  the  molecule,  and  in  that  respect  they 
entirely  agree  with  my  own ;  but  the  induction  balance  at  once 
shows  that  they  are  erroneous  in  the  most  important  part,  for  my 
researches  have  proved  that  neutrality  is  perfectly  symmetrical, 
that  there  is  no  case  of  neutrality  where  the  axes  of  the  molecules 
are  turned  indifferently  in  all  directions,  and  that  we  cannot 
obtain  perfect  neutrality  except  when  the  molecules  form  a 
complete  closed  circuit  of  attraction. 

I  believe  that  a  true  theory  of  magnetism  should  admit  of 
complete  demonstration,  that  it  should  present  no  anomalies,  and 
that  all  the  known  effects  should  at  once  be  explained  by  it. 

From  numerous  researches  I  have  gradually  formed  a  theory  of 
magnetism  entirely  based  upon  experimental  results,  and  these 
have  led  me  to  the  following  conclusions : — 
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1,  That  each  molecule  of  a  piece  of  iron,  steel,  or.  other 
magnetic  metal  is  a  separate  and  independent  magnet,  having  its 
two  poles  and  distribution  of  magnetic  polarity  exactly  the  same 
as  its  total,  evident  magnetism  when  ndticed  upon  a  steel  bar- 
magnet* 

2,  That  each  molecule,  or  its  polarity,  can  be  rotated  in  either 
direction  upon  its  axis  by  torsion,  stress,  or  by  physical  forces  such 
as  magnetism  and  electricity* 

3*  That  the  inherent  polarity  or  magnetism  of  each  molecule 
Ib  a  constant  quantity  like  gravity;  that  it  can  neither  be 
augmented  nor  destroyed* 

4*  That  when  we  have  external  neutrality,  or  no  apparent 
magnetism,  the  molecules  or  their  polarities  arrange  themselves 
so  as  to  satisfy  their  mutual  attraction  by  the  shortest  path,  and 
thus  form  a  complete  closed  circuit  of  attraction* 

5.  That  when  magnetism  becomes  evident,  the  molecules  or 
their  polarities  have  all  rotated  symmetrically  in  a  given  direction, 
producing  a  north  pole  if  rotated  in  that  direction  as  regards  the 
piece  of  steel,  or  a  south  pole  if  rotated  in  the  opposite  direction* 
Also,  that  in  evident  magnetism,  we  have  still  a  symmetrical 
arrangement,  but  one  whose  circles  of  attraction  are  not  completed 
except  through  an  external  armature  joining  both  poles. 

6.  That  we  have  permanent  magnetism  when  the  molecular 
rigidity,  as  in  tempered  steel,  retains  them  in  a  given  direction, 
and  transient  magnetism  whenever  the  molecules  rotate  in  com- 
parative freedom,  as  in  soft  iron. 

Experimental  Evidences, 

In  the  above  theory  the  coercive  force  of  Poisson  is  replaced 
by  molecular  rigidity  and  freedom;  and  as  the  effects  of 
mechanical  vibrations,  torsion,  and  stress  upon  the  apparent 
destruction  and  facilitation  of  magnetism  is  well  known,  I  will, 
before  demonstrating  the  more  serious  parts  of  the  theory,  cite  a 
few  experiments  to  prove  that  molecular  rigidity  frilfils  all  the 
requirements  of  an  assimied  coercive  force. 

The  influence  of  vibrations,  torsion,  or  stress  of  any  kind  upon 
a  magnetised  steel  or  iron  rod  may  be  seen  by  striking  with  a 
wooden  mallet  rods  of  hard  and  soft  steel,  also  hard  and  soft  iron 
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previously  magnetised  to  a  known  degree.  The  tempered  steel, 
owing  to  its  molecular  rigidity,  will  lose  but  5  per  cent.,  the  soft 
steel  60,  hard  iron  50,  and  soft  Swedish  iron  99  per  cent/of  its 
magnetism,  the  amoimt  of  loss  depending  not  so  much  upon 
whether,  the  metal  be  steel  or  iron,  as  upon  its  degree  of  hard- 
ness and  softness ;  and  as  hard  steel  requires  far  more  power  to 
magnetise  it  to  the  same  force  than  iron,  it  is  possible  to  imagine 
a  steel  so  hard  that  its  molecules  could  not  rotate,  and  that  conse- 
quently no  magnetism  could  be  manifested  from  a  given  inducing 
cause,  whilst  a  perfectly  soft  iron  would  give  the  maximum  effect, 
and  instantly  return  to  its  previous  state.  From  this  we  might  in 
error  suppose  that  soft  Swedish  iron  could  not  retain  its  magnet- 
ism, and  that  its  natural  state  would  be  zero,  or  neutrality.  The 
apparent  disappearance  of  magnetism,  however,  is  here  due  to  the 
extreme  freedom  of  motion  of  its  molecules  allowing  them  at  once 
to  follow  the  comparatively  feeble  directing  force  of  the  earth's 
magnetism.  We  can  demonstrate  this  by  feebly  magnetising  a 
rod  of  soft  iron  held  vertically,  so  that  its  north  pole  is  at  the 
lower  portion.  Upon  removing  the  inducing  magnet,  or  electro- 
magnetic coil,  we  find  that  the  rod  retains  a  powerftil  north 
polarity;  but  if  magnetised  in  a  contrary  sense,  then  we  have 
only  trcicea  of  magnetism  left  upon  the  withdrawal  of  the  inducing 
cause.  To  succeed  in  this  experiment,  as  in  all  others  where  soft 
iron  is  mentioned,  we  should  use  the  best  Swedish  charcoal  iron, 
thoroughly  annealed  at  high  temperature. 

We  find,  again,  that  rods  of  steel  or  iron  will  lose  far  less 
magnetism  when  vibrated  in  the  magnetic  dip,  or  vertically,  when 
their  north  poles  are  at  the  lowest  extremity,  than  when  horizontal, 
or  still  less  than  when  their  poles  are  contrary  to  those  of  the  earth's 
field,  and  also  that  they  will  acquire  their  maximiun  magnetism 
from  a  given  exciting  cause  when  held  vertically  as  described, 
and  the  molecules  allowed  greater  freedom  of  motion  to  obey  the 
directing  influence  by  vibrations,  torsion,  stress,  or  blows  upon  the 
iron.  Any  influence  that  would  tend  to  give  greater  freedom  of 
motion,  such  as  heat  or  mechanical  trepidations,  gives  a  f&r  higher 
magnetic  force  to  the  iron  than  cotdd  be  obtained  without 
these  aids. 
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In  order  to  render  visible  the  effects  of  motion  upon  magnetism, 
we  may  take  two  glass  tubes,  or  ordinary  phials,  of  any  length  or 
diameter,  say,  10  centimetres  in  length  by  2   centimetres  in 
diameter.     If  we  now  put  iron  filings  in  these  tubes,  leaving  about 
one-third  vacant,  so  as  to  allow  complete  freedom  in  the  filings 
when  shaken,  we  find  that  each  tube,  when  magnetised,  retains  an 
equal  amount  of  residual  magnetism,  and  that  this  all  disappears 
upon  slightly  shaking  the  tube.     We  are   thus  imitating  the 
effects  of  vibration.    But  if  in  one  of  these  tubes  we  pour  melted 
resin  (in  fiwt,  any  slightly  viscous   liquid,  such  as  petroleum, 
suffices),  we  then  render  these  filings  more  rigid,  and  then  we 
can  no  longer  produce  by  shaking,  the  disappearance  of  its  residual 
magnetism.    In  pouring  in  petroleum  we  have  apparently  been 
introducing  a  strong  coercitive  force,  but  we  know  that  it  can  only 
have  the  mechanical  effect  of  rendering  the  iron  filings  less  fi^ee 
to  turn,  and  so  comparatively  rigid.    If  we  desire  to  see  the 
effect  of  torsion,  we  have  only  to  shake  the  filings  so  that  when 
the  tube  is  held  horizontally  the  vacant  space  is  above,  and 
rotate  it  slighty  (but  without  shaking)  about  a  horizontal  axis. 
Its  remaining  magnetism   instantly   disappears   upon  rotation, 
although    we    evidently    have    not    changed    the    longitudinal 
position  of  its  particles.     A  similar  effect  takes  place  upon  a  soft 
iron  rod,  for  if  we  magnetise  it  and  observe  its  remaining  mag- 
netism, we  find  that,  upon  giving  a  slight  torsion  to  this  wire, 
its  remaining  magnetism  instantly  disappears — a  similar  effect  to 
that  in  the  rotating  tube  of  iron  filings.    But  if  the  iron  is 
rendered  more  rigid  by  hammering,  or  steel  rendered  hard  and 
rigid  by  tempering,  torsions  or  vibrations  have  but  little  effect, 
as  in  the  case  of  the  filings  rendered  rigid  as  above  mentioned. 
Thus  we  have  no  longer  need  of  an  assumed  mysterious  coercive 
force  to  account  for  the  retention  of  magnetism,  for  once  knowing 
the  mechanical  qualities  of  iron  and  steel,  and  their  degree  of 
molecular  rigidity  or  hardness,  we  can  at  once  predict  their  reten- 
tive magnetic  powers.* 

•  "On  the  Molecular  Eigidity  of  Tempered  Steel,"  by  Professor  D.  E 
Hughes,  F.B.8.— ProcMdin^t  ImtitwHon  qf  Meckamcai  Enginfien,  pages  78-79 
Jan.,  1888. 
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Rotation  of  Inherent  Polarised  Molecvlea. 

Torsion,  as  well  as  mechanical  vibrations,  has,  as  we  have 
seen,  a  powerful  influence  in  aiding  the  molecules  to  overcome 
their  inertia,  and  thus  aid  them  to  rotate  in  the  direction  of  the 
inducing  influence ;  and  we  may  thus  polarise  strongly  a  flat  soft 
iron  rod  by  simply  bending  or  vibrating  it  when  held  vertically,  and 
if  we  measure  the  magnetic  force  obtained  we  shall  notice  that  the 
force  is  strictly  relative  to  the  degree  of  softness  of  the  iron.  Thus, 
with  hard  steel  we  should  obtain  only  traces  of  polarisation,  whilst 
with  extremely  pure  soft  Swedish  iron  we  obtain  the  maximum 
of  force.  The  bar  of  iron  or  steel,  being  held  in  the  earth's 
magnetic  field,  of  infinite  size  compared  with  the  bar,  and 
infinitely  homogeneous,  cannot  deflect  or  weaken  its  surround- 
ing field.  Its  lower  portion  being  north,  apparently  strengthens 
it  by  its  reaction,  whilst  its  upper,  south,  apparently  weakens  the 
field ;  but,  as  Maxwell  has  shown,  "  the  two  poles  of  each  molecule 
are  equal  and  opposite,  consequently  the  sum  of  each  molecule 
and  the  whole  mass  must  be  zero." 

We  have  a  far  greater  induced  polarity  in  iron  or  steel  when 
the  iron  is  in  thin  bars  or  small  wires,  and  this  we  should  expect, 
as  the  external  molecules  rotate  directly  under  the  influence  of  the 
earth's  magnetism,  whilst  those  forming  the  interior  of  the  bar 
either  rotate  feebly,  or,  as  in  the  case  of  very  thick  bars,  actually 
act  as  an  armature,  preventing,  by  their  influence,  fi'ee  rotation 
of  the  exterior  molecules. 

Thus,  as  the  sum  of  the  two  and  equal  polarities  in  a  bar  of 
iron  is  zero,  it  is  evident  that  its  polarity  must  be  inherent.  I 
have  some  remarkably  pure  soft  Swedish  iron  wire,  one  millimetre 
in  diameter,  and  as  its  inherent  polar  force  seemed  great  when  held 
vertically  in  the  earth's  magnetic  field,  I  measured  in  the  induc- 
tion balance  this  force  compared  with  a  similar  column  of  the 
magnetic  atmosphere  which  it  displaced.  The  inherent  polarity 
of  this  wire,  simply  rendered  evident  by  the  earth's  magnetism, 
was  15,600  times  greater  than  the  column  it  displaced. 

We  cannot,  either  by  induction,  conduction,  or  concentration, 
produce  a  greater  force  in  another  body  of  similar  displacement  or 
size,  otherwise  we  could  easily  create  power  from  a  feeble  source. 
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Thus  the  enormously  greater  magnetic  power  observed  in  iron 
than  the  same  column  of  air  which  it  displaces  must  be  due  to 
the  inherent  polarity  of  its  molecules. 

Amongst  numerous  bars  of  iron  upon  which  I  have  experi- 
mented, one  of  ordinary  hoop-iron,  2  centimetres  wide,  40 
centimetres  long,  and  1^  millimetre  thick,  not  softened,  possesses 
sufficient  molecular  rigidity  to  be  apparently  uninfluenced  by 
earth's  magnetism.  When  this  rod  is  rendered  neutral,  we  have 
but  feeble  polarity — mere  traces  when  it  is  held  vertically  undeV 
the  earth's  magnetic  influence ;  but  if  we  apply  a  few  successive 
torsions  or  vibrations  to  it  when  thus  held,  we  have  at  once  several 
thousand  times  greater  polarity  than  before.  Now,  if  iron  had  the 
power  of  deflecting  or  concentrating  the  earth's  magnetism  upon 
itself,  it  should  not  require  the  mechanical  aid  to  molecular  rota- 
tion given  to  it  by  these  torsions  or  vibrations.  Thus  we  are  forced 
to  conclude  at  least  the  existence  of  the  inherent  polarity  of  the 
molecules ;  and,  if  we  admit  this,  we  must  also,  as  a  necessary  con- 
sequence, admit  the  rotation  of  these  molecules,  else  we  cannot  ex- 
plain why  mechanical  vibrations  allowing  freedom  of  motion  should 
always  produce  the  polarity  in  accordance  with  the  directing  cause. 
I  have  already  shown  that  torsion  and  vibrations  j?«r  se  are  apparently 
destructive  of  magnetism ;  consequently  in  this  case  Poisson's  two 
fluids  and  Ampere's  parallel  currents  should,  according  to  their 
theory,  be  mixed  or  heterogenous,  whilst  according  to  the  views  I 
am  sustaining  the  polarised  molecules  should  obey,  as  compass 
needles,  any  magnetic  directing  cause  whenever  sufficient  mole- 
cular freedom  of  motion  allows  free  rotation. 

The  inherent  polarity  of  iron  may  again  be  observed  by  draw- 
ing a  flat  rod  of  soft  iron  over  one  or  both  poles  of  a  permanent 
magnet.  This  rod  will  then  be  powerfully  magnetised,  its  remain- 
ing magnetism,  when  separated  from  the  magnet,  being  suffi- 
ciently powerful  to  strongly  deflect  a  suspended  direction  needle. 
A  few  slight  torsions  or  vibrations  will  then  completely  discharge  it. 
Now,  suppose  this  operation  repeated  successively  many  thousand 
times,  if  there  was  no  inherent  polarity  we  should  have  gradually 
drawn  all  the  polarity  out  of  the  magnet,  and  discharged  it  into 
the  atmosphere.     Nothing  of  the  kind  takes  place.     The  mole- 
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coles  of  the  iron  are  simply  rotated  each  time,  and  the  only 
energy  in  work  expended  or  lost  comes  from  the  arm  of  the 
experimenter,  and  the  energy  required  would  be  strictly  in  accord- 
ance with  the  molecular  freedom,  or  softness  and  hardness  of  the 
iron  and  steel :  thus,  whilst  soft  iron  could  be  easily  polarised  and 
discharged  by  mechanical  torsions,  hard-tempered  steel  would 
require  a  far  greater  amount. 

Dr.  Warren  de  la  Rue,  F.E.S.,  kindly  aided  me  in  this  part  of 
the  research  by  passing  a  current  from  his  well-known  chloride 
of  silver  battery  through  iron  and  steel  wires,  A  condenser  of 
42*8  microfarad  capacity,  charged  by  3,360  cells,  was  used.  We 
passed  this  enormous  electric  charge  longitudinally  through  the 
wires,  and  observations  were  made  as  to  whether  any  change 
whatever  was  produced  in  their  quality  or  inherent  polarity,  the 
result  being  that  these  wires  gave  exactly  the  same  magnetic 
polarity  from  a  given  directing  or  inducing  cause  as  before,  being 
similar  in  nature  and  degree,  consequently  this  enormous  electric 
force  had  not  changed  or  destroyed  the  original  inherent  polarity. 

If  the  molecules  possess  inherent  polarity  and  rotate  ujwn 
their  axes,  similar  to  a  series  of  compass  needles  having  a  slight 
degree  of  frictional  rigidity,  then,  upon  passing  one  pole  of  a 
magnet  above  them,  they  would  turn  S3rmmetrically  in  one 
direction,  and  drawing  the  same  pole  of  the  magnet  in  the 
contrary  direction  would  rotate  them,  and  they  would  then  remain 
symmetrically  in  the  opposite  direction. 

A  precisely  similar  eflTect  takes  place  in  a  soft  iron  rod,  placed 
east  and  west  a  few  inches  above  a  direction  needle.  Upon 
drawing  the  south  pole  of  a  powerful  natural  magnet  at  a  few 
centimetres  distance  above  the  wire  from  east  to  west,  the  north 
polarities  of  the  molecules  successively  turn  in  the  direction  of 
west,  following  the  attraction  of  the  south  pole,  as  previously  seen 
on  the  small  compass  needles.  The  rod  is  now  magnetised  with 
its  north  pole  west,  as  indicated  by  the  direction  needle  below  any 
portion  of  this  rod.  Upon  passing  the  same  south  pole  of  the 
natural  magnet  in  a  contrary  direction,  the  molecules  all  rotate, 
their  north  poles  still  turning  successively  to  the  south  pole  of 
the  permanent  magnet  until  its  arrival  at  the  end  from  which  the 
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first  magnetisation  commenoed.      The  rod    has    now    entirely 
changed  its  polarity,  and  its  north  pole  is  east. 

This  phenomenon  is  well  known  in  the  ordinary  magnetisation 
of  rods,  where  care  is  taken  to  draw  the  magnet  always  in  a 
similar  direction,  or  the  poles  would  be  reversed  at  each  to  and 
fix)  drawing.  To  account  for  this,  on  Couloumb-Poisson's  theory, 
it  would  be  requisite  that,  first,  all  the  fluids  be  separated  with 
their  north  fluids  symmetrically  in  one  direction,  but  on  drawing 
back  the  magnet,  these  fluids  would  have  to  mix  together,  the 
north  fluid  passing  through  its  south  fluid  to  be  finally  opposite 
to  its  previous  position,  its  coercive  force  doing  the  double  work 
of  allowing  both,  fluids  to  mix  and  pass  through  each  other,  and 
finally  keeping  them  entirely  apart.  Ampere's  theory  would  re- 
quire that  from  a  hap-hazard  arrangement  the  molectdes  should 
become  symmetrically  arranged  upon  the  first  passage  of  the 
magnet,  then  upon  its  reversed  direction  one  half  of  the  electric 
elementary  currents  shotdd  successively  revolve  in  a  oontraiy 
direction  to  arrive  at  neutrality  before,  finally,  the  other  half 
followed  the  direction  of  the  first  half^  and  now  all  these  currents 
would  be  revolving  in  the  opposite  direction  to  that  upon  the 
first  magnetisation.  We  thus  see  that  both  these  theories,  whilst 
resting  altogether  upon  assiimption,  are  extremely  complicated 
and  improbable. 

We  might  suppose,  firom  the  theory  which  I  am  advocating, 
that  upon  the  rotation  of  the  molecules  there  wotdd  be  some 
disturbance  or  mechanical  trepidation ;  and  such  is  found  to  be  the 
case,  as  first  observed  by  Page,  and  afterwards  verified  by  Dr. 
Joule  and  De  la  Rive,  in  the  molecular  sounds  produced  in  iron 
upon  its  magnetisation.  Beis's  first  telephone  was  founded  upon 
these  sounds,  and  Du  Moncel  has  made  numerous  researches  upon 
this  subject. 

In  the  last  of  my  experiments  cited,  the  sounds  are  too  feeble 
to  be  heard,  but  by  the  application  of  the  microphone  these 
trepidations  at  once  become  audible. 

That  molecules  of  iron  and  other  metals  rotate  with  time, 
whose  period  becomes  shortened  by  mechanical  vibrations,  is  well 
known  in  metallurgy,  the  ultimate  result  being  generally  the 
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passage  from  a  fibrous  condition,  as  in  iron  wires,  to  a  high  degree 
of  crystallisation.  For  many  years  I  employed  a  circular  vibrating 
spring  as  the  regulator  of  speed  of  my  printing  telegraph  instru- 
ment, and  although  'this  spring  was  so  regulated  by  means  of 
a  frictional  break,  or  "Frein,"  as  not  to  surpass  its  limits  of 
elasticity,  these  springs  were  constantly  breaking  after  a  few  days' 
use,  and,  as  a  matter  of  urgent  necessity,  I  made  special  researches 
into  the  cause  of  this  breaking  after  a  few  days  constant  vibratory 
action.  I  found  at  the  point  of  rupture  a  high  state  of  crystallisa- 
tion. Fibrous  iron  would  thus  become  thoroughly  crystallised  and 
break  in  one  day ;  the  number  of  vibrations  for  an  instrument  in 
constant  use  during  24  hours  being  1,209,600.  Thus  we  could 
roughly  estimate  the  life  of  iron  in  the  form  of  one  of  these 
springs  at  one  million  vibrations.  Copper  crystallised  in  one  hour, 
and  all  metals  and  alloys  were  inferior  to  steel,  except  aluminium 
bronze.  The  latter  springs  would  stand  six  weeks'  constant  use,  or 
some  fifty  millions  of  vibrations.  I  finally  resolved  this  problem 
by  spreading  the  amoimt  of  vibrating  work  over  a  spiral  spring 
containing  3  mHres  of  steel  rod  wound  into  the  same  space  as 
previously  held  by  the  straight  rod  of  30  centimetres ;  by  this 
means  the  average  life  of  these  springs  has  become  five  years. 
Evidently  the  molecules  of  these  fibrous  springs  must  have  rotated 
under  the  vibrations,  in  order  to  produce  crystals.  The  same 
phenomenon  is  observed  in  axles  of  carriages  receiving  constant 
trepidations,  large  crystals  being  always  foimd  at  the  point  of 
fracture.  Again,  if  we  rapidly  magneUse  and  demagnetise  an 
iron  rod,  we  have  the  production  of  evident  heat,  due  to  the 
constant  motion  of  its  molecules. 

Maxwell  describes  an  experiment  of  Beetz,  in  which  an  exceed- 
ingly small  filament  of  iron  was  deposited  by  electrotype,  under 
the  influence  of  a  strong  magnetic  field,  in  order  to  arrive  at  the 
inherent  polarity  of  comparatively  few  molecules,  and,  as  its  mag- 
netic force  was  very  great,  he  regards  the  experiment  as  conclu- 
sive. My  own  experiments  show  that  we  have  far  less  external 
magnetic  force  from  a  solid  bar  than  from  a  thin  tube  or  flat  bar 
of  the  same  surface  exposed  to  a  limited  exciting  cause.  We 
know  that  magnetism  does  not  penetrate  to  a  very  great  depth, 
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and  we  also  know  that,  if  to  a  thin  steel  permanent  magnet 
we  place  another  piece  unmagnetised,  or,  better  still,  a  rod  of 
sofl^iron,  its  external  polarity  is  greatly  reduced;  consequently 
the  external  evidence  of  polarity  is  not  a  direct  measure  of  the 
degree  of  rotation,  nor  of  the  total  inherent  polarity  of  its  mass. 
We  may  have  a  great  superficial  external  rotation  superposed 
upon  rotations  of  an  opposite  nature,  as  will  be  seen  later;  and 
thus  the  internal  molecules  of  a  magnet  often  act  more  or  less  as 
an  external  armature  in  closing  its  circle  of  attractions. 

I  have  stated  my  belief  that  the  molecule  itself  possesses  its 
inherent  polarity,  which,  like  gravity,  is  an  endowed  quality  for 
which  we  have  no  more  reason  to  suspect  the  cause  to  be  element- 
ary electric  currents  than  that  elementary  currents  shotdd  be  the 
cause  of  gravity,  chemical  aflSnity,  or  cohesion  and  its  polar  power 
of  crystallisation,  most  of  which  are  aflfected  by  an  electric  current. 
We  have  a  certain  analogy  between  electric  currents  and  mag- 
netism, but  not  so  great  as  the  analogy  between  the  magnetic 
polarity^of  a  molecule  and  its  other  endowed  qualities. 

Magnetism,  like  chemical  aflSnity,  cohesion,  and  crystallisation, 
has  its  critical  points.  Faraday  discovered  that  at  red-yellow 
heat  iron  instantly  lost  its  apparent  polar  magnetic  power,  to  be 
as  instantly  restored  at  red  heat,  the  critical  point  varying  in 
iron,  steel,  etc.,  and  being  the  lowest  in  nickel.  This  would  be 
difficult  to  explain  upon  Ampere's  theory,  as  we  should  have  to 
admit  the  instant  destruction  or  cessation  of  the  elementary 
currents,  to  be  again  restored  at  a  few  degrees  less  temperature. 
It  would  be  equally  diflficult  to  explain  under  my  view,  if  it  did 
not  belong  to  a  whole  class  of  phenomena  due  to  the  possession 
by  the  molecules  of  various  endowed  qualities,  of  which  chemistry 
and  all  our  means  of  research  can  only  teach  us  their  critical 
points,  without  attempting  to  explain  why  for  instance,  iron  has 
a  greater  aflBnity  for  oxygen  than  gold.  We  know  that  it  is  so ; 
we  know  that  the  molecules  of  all  matter  are  endowed  with  certain 
qualities  having  certain  critical  points,  and  I  can  see  no  reason 
for  separating  their  magnetic  inherent  polarity  from  their 
numerous  other  qualities. 
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NewtralUy. 

The  apparatus  needed  for  researches  upon  evident  external 
polarity  requires  no  very  great  skill  or  thought,  but  Bimply 
an  apparatus  to  measure  correctly  the  force  of  the  evident  repul- 
sion or  attraction ;  in  the  case  of  neutrality,  however,  the  external 
polarity  disappears,  and  we  consequently  require  special  apparatus, 
together  with  the  utmost  care  and  reflection  in  its  use. 

From  numerous  researches  previously  made  by  means  of  the 
induction  balance,  the  results  of  which  I  have  already  published, 
I  felt  convinced  that  in  investigating  the  cause  of  magnetism 
and  neutrality  I  should  have  in  it  the  aid  of  the  most  powerful 
instrument  of  research  ever  brought  to  bear  upon  the  molecular 
construction  of  iron,  as  indeed  of  all  metals.  It  neglects  all  forces 
which  do  not  produce  a  change  in  the  molecular  structure,  and 


enables  us  to  penetrate  at  once  to  the  interior  of  a  magnet  or 
piece  of  iron,  observing  only  its  peculiar  structure  and  the  change 
which  takes  place  during  magnetisation  or  apparent  neutrality. 

The  induction  balance  is  affected  by  three  distinct  arrange- 
ments of  molecular  structure  in  iron  and  steel,  by  means  of  which 
we  have  apparent  external  neutrality. 

Fig.  1  shows  several  polar  directions  of  the  molecules  as  indi- 
cated by  the  arrows.  Poisson  assumed,  as  a  necessity  of  hia 
theory,  that  a  molecule  is  spherical,  but  Dr.  Joule's  experimental 
proof  of  the  elongation  of  iron  by  yWomj  "f  it^  length  when 
magnetised,  proves  at  least  that  its  form  is  not  spherical;  and,  as  I 
am  unable  at  present,  to  demonstrate  my  own  views  as  to  its 
exact  form,  I  have  simply  indicated  its  polar  direction  by  arrows 
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— ^the  dotted  oval  lines  merely  indicating  its  limits  of  free  elastic 
rotation. 

In  Fig.  1,  at  A,  we  have  neutrality  by  the  mutual  attraction  of 
each  pair  of  molecules,  being  the  shortest  path  in  which  they 
could  satisfy  their  mutual  attractions.  At  B  we  have  the  case  of 
superposed  magnetism  of  equal  external  value,  rendering  the  wire 
or  rod  apparently  neutral,  although  a  lower  series  of  molecules  are 
rotated  in  the  opposite  direction  to  the  upper  series,  giving  to 
the  rod  opposite  and  equal  polarities.  At  C  we  have  the  molecules 
arranged  in  a  circular  chain  around  the  axis  of  a  wire  or  rod 
through  which  an  electric  current  has  passed.  At  D  we  have  the 
evident  polarity  induced  by  the  earth's  directive  influence  when  a 
soft  iron  rod  is  held  in  the  magnetic  meridian.  At  E  we  have  a 
longitudinal  neutrality  produced  in  the  same  rod  when  placed 
magnetic  west,  the  polarity  in  the  latter  case  being  transversal. 

In  all  these  cases  we  have  a  perfectly  symmetrical  arrange- 
ment, and  I  have  not  yet  found  a  single  case  in  well-annealed 
soft  iron  in  which  I  could  detect  a  heterogeneous  arrangement,  as 
supposed  by  Ampere,  De  la  Eive,  Weber,  Wiedermann,  and 
Maxwell. 

We  can  only  study  neutrality  with  perfectly  soft  Swedish 
iron.  Hard  iron  and  steel  retain  previous  magnetisations,  and  an 
iH^arent  external  neutrality  would  in  most  cases  be  the  super- 
position of  one  magnetism  upon  another  of  equal  external  force 
in  the  opposite  direction,  as  shown  at  B,  Fig.  1.  Perfectly  soft 
iron  we  can  easily  free,  by  vibrations,  from  the  slightest  trace  of 
previous  magnetism,  and  study  the  neutrality  produced  under 
varying  conditions. 

If  we  take  a  flat  bar  of  soft  iron,  of  30  or  more  centimetres  in 
length,  and  hold  it  vertically  (giving  while  thus  held  a  few  torsions, 
vibrations,  or,  better  still,  a  few  slight  blows  with  a  wooden  mallet, 
in  order  to  allow  its  molecules  to  rotate  with  perfect  freedom),  we 
find  its  lower  end  to  be  of  strong  north  polarity,  and  its  upper  end 
south.  On  reversing  the  rod  and  repeating  the  vibrations,  we  find 
that  its  lower  end  has  precisely  a  similar  north  polarity.  Thus  the 
iron  is  homogeneous,  and  its  polarity  synunetrical.  If  we  now 
magnetise  this  rod  to  produce  a  strong  south  pole  at  its  lower 
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portion,  we  can  gradually  reverse  this  poldrity,  by  the  influence  of 
earth's  magnetism,  by  slightly  tapping  the  upper  extremity  with  a 
small  wooden  mallet.  If  we  observe  this  rod  by  means  of  a 
direction  needle  at  all  parts,  and  successively  during  its  gradual 
passage  from  one  polarity  to  the  other,  there  will  be  no  sudden 
break  into  a  hap-hazard  arrangement,  but  a  gradual  and  perfectly 
symmetrical  rotation  fit)m  one  direction  to  that  of  the  opposite 
polarity. 

If  this  rod  is  placed  east  and  west,  having  first,  say,  a  north 
polarity  to  the  right,  we  can  gradually  discharge  or  rotate  the 
molecules  to  zero,  and  as  gradually  reverse  the  polarity  by  simply 
inclining  the  rod  so  as  to  be  slightly  influenced  by  earth's 
magnetism ;  and  at  no  portion  of  this  passage  from  one  polarity 
to  neutrality,  and  to  that  of  the  opposite  name,  will  there  be 
found  a  break  of  continuity  of  rotation  or  hap-hazard  arrange- 
ment. If  we  rotate  this  rod  slowly,  horizontally  or  vertically, 
taking  observations  at  each  few  degrees  of  rotation  of  an  entire 
revolution,  we  find  still  the  same  gradual  symmetrical  change  of 
polarity,  and  that  its  symmetry  is  as  complete  at  neutrality  as  in 
evident  polarity. 

In  all  these  cases  there  is  no  complete  neutrality,  the  longi- 
tudinal polarity  simply  becoming  transversal  when  the  rod  is  east 
and  west.  F,  Gr,  H,  I,  J,  Fig.  1,  show  this  gradual  change,  H  being 
neutral  longitudinally,  but  polarised  transversely.  If,  in  place  of 
the  rod,  we  take  a  small  square  soft  iron  plate  and  allow  its  mole- 
cules freedom  imder  the  sole  influence  of  the  earth's  magnetism, 
then  we  invariably  find  the  polarity  in  the  direction  of  the 
magnetic  dip,  no  matter  in  what  position  it  be  held,  and  a  sphere 
of  soft  iron  could  only  be  polarised  in  a  similar  direction.  Thus 
we  can  never  obtain  complete  external  neutrality  whilst  the 
molecules  have  freedom  and  do  not  form  an  internal  closed  circle 
of  mutual  attractions;  and  whatever  theory  we  may  adopt  as 
to  the  cause  of  polarity  in  the  molecule,  such  as  Couloumb's, 
Poisson's,  Ampdre's,  or  Weber's,  there  can  exist  no  hap-hazard 
arrangement  in  perfectly  soft  iron,  as  long  as  it  is  free  from  all 
external  causes  except  the  influence  of  the  earth ;  consequently 
these  theories  are  wrong  in  one  of  their  most  essential  parts. 
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We  can,  however,  produce  a  closed  circle  of  mutual  attraction 
in  iron  and  steel,  producing  complete  neutrality  as  long  as  the 
structure  is  not  destroyed  by  some  stronger  external  directing; 
influence. 

Oersted  discovered  that  an  external  magnetic  needle  places 
itself  perpendicular  to  an  electric  current ;  and  we  should  expect 
that,  if  the  molecules  of  an  iron  wire  possessed  inherent  polarity 
and  could  rotate,  a  similar  effect  would  take  place  in  the  interior 
of  the  wire  to  that  observed  by  Oersted.  Wiedermann  first 
remarked  this  effect,  and  it  has  been  known  as  circular  mag- 
netism. This  circle,  however,  consists  really  in  each  molecule 
having  placed  itself  perpendicular  to  the  current,  simply  obeying 
Oersted's  law,  and  thus  forming  a  complete  circle  in  which  the 
mutual  attractions  of  the  molecules  forming  that  circle  are 
satisfied,  as  shown  at  C,  Fig.  1.  This  wire  becomes  completely 
neutral,  any  previous  symmetrical  arrangement  of  polarity 
rotating  to  form  its  complete  circle  of  attractions ;  and  we  can 
thus  form  in  hard  iron  and  steel  a  neutrality  extremely  difficult 
to  break  up  or  destroy.  We  have  evident  proof  that  this 
neutrality  consists  of  a  closed  chain,  or  circle,  as  by  torsion  we 
can  partially  deflect  them  on  either  side ;  thus  from  a  perfect 
externally  neutral  wire,  producing  either  polarity,  by  simple 
mechanical  angular  displacement  of  the  molecules,  as  by  right- 
or  left-handed  torsion. 

If  we  magnetise  a  wire  placed  east  and  west,  it  will  retain  this 
polarity  imtil  freed  by  vibrations,  as  already  remarked.  If  we 
pass  an  electric  current  through  this  magnetised  wire,  we  can 
notice  the  gradual  rotation  of  the  molecules,  and  the  formation  of 
the  circular  neutrality.  If  we  commence  with  a  weak  current, 
gradually  increasing  its  strength,  we  can  rotate  them  as  slowly 
as  may  be  desired.  There  is  no  sudden  break  or  hap-hazard 
moment  of  neutrality:  the  movements  to  perfect  zero  are 
accomplished  with  perfect  symmetry  throughout. 

We  can  produce  a  more  perfect  and  shorter  circle  of  attrac- 
tions by  the  superposition  of  magnetism,  as  at  B,  Fig.  1.  If  we 
magnetise  a  piece  of  steel  or  iron  in  a  given  direction  with  a 
strong  magnetic  directing  power,  the  magnetism  i^enetrates  to  a 
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certain  depth.  If  we  slightly  diminish  the  magnetising  power, 
and  magnetise  the  rod  in  a  contrary  direction,  we  may  rednce  it 
to  zero,  by  the  superposition  of  an  exterior  magnetism  upon  one 
of  a  contrary  name  existing  at  a  greater  depth ;  and  if  we  continue 
this  operation,  gradually  diminishing  the  force  at  each  reversal, 
"we  can  easily  superpose  ten  or  more  distinct  symmetrical  arrange- 
ments,  and,  as  their  mutual  attractions  are  satisfied  in  a  shorter 
circle  than  in  that  produced  by  electricity,  it  is  extremely  difficult 
to  destroy  this  formation  when  once  produced. 

The  induction  balance  affords  also  some  reasons  for  believing 
that  the  molecules  not  only  form  a  closed  circle  of  attractions,  as 
at  B,  but  that  they  can  mutually  react  upon  each  other,  so  as  to 
close  a  circle  of  attractions  as  a  double  molecule,  as  shown  at  A. 
The  experimental  evidence,  however,  is  not  sufficient  to  dwell  on 
this  point,  as  the  neutrality  obtained  by  superposition  is  some- 
what similar  in  its  external  effects. 

We  can  produce  a  perfectly  symmetrical  closed  circle  of  attrac- 
tions of  the  nature  of  the  neutrality  of  C,  Fig.  6,  by  forming  a 
steel  wire  into  a  closed  circle,  10  centimetres  in  diameter,  if  this 
wire  is  well  joined  at  its  extremities  by  twisting  and  soldering. 
We  can  then  magnetise  this  ring  by  slowly  revolving  it  at  the 
extremity  of  one  pole  of  a  strong  permanent  magnet ;  and,  to 
avoid  coDsequent  poles  at  the  part  last  touching  the  magnet,  we 
should  have  a  graduating  wedge  of  wood,  so  that  whilst  revolving 
it  may  be  gradually  removed  to  greater  distance.  This  wire  will 
then  contain  no  consequent  points  or  external  magnetism :  it  will 
be  foimd  perfectly  neutral  in  all  parts  of  its  closed  circle.  Its 
neutrality  is  similar  to  C,  Fig.  6 ;  for  if  we  cut  this  wire  at  any 
point  we  find  extremely  strong  magnetic  polarity,  being  magnet- 
ised by  this  method  to  saturation,  and  having  retained  (which  it 
will  indefinitely)  its  circle  of  attractions  complete. 

I  have  already  shown  that  soft  iron,  when  its  molecules  are 
allowed  perfect  freedom  by  vibration,  invariably  takes  the  polarity 
of  the  external  directing  influence,  such  as  that  of  the  earth,  and 
it  does  so  even  with  greater  freedom  under  the  influence  of  heat. 
Manu&cturers  of  electro-magnets  for  telegraphic  instruments  are 
very  careful  to  choose  the  softest  iron  and  thoroughly  anneal  it ; 
VOL.  xn.  27 
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but  very  few  recognise  the  importance  as  regards  the  position  of 
the  iron  whilst  annealing  it  under  the  earth's  directing  influence. 
The  fiu5t,  however,  has  long  since  been  observed. 

Dr.  Hooke,  1684,  remarked  that  steel  or  iron  was  magnetised 
when  heated  to  redness  and  placed  in  the  magnetic  meridian.  I 
have  slightly  varied  this  experiment  by  heating  to  redness  three 
similar  steel  bars,  two  of  which  had  been  previously  magnetised 
to  saturation,  and  placed  separately  with  contrary  polarity  as 
regards  each  other,  the  third  being  neutral.  Upon  cooling,  these 
three  bars  were  foimd  to  have  identical  and  similar  polarity. 
Thus  the  molecules  of  this  most  rigid  material,  cast  steel,  had 
become  firee  at  red  heat,  and  rotated  under  the  earth's  magnetic 
influence,  giving  exactly  the  same  force  on  each ;  consequently 
the  previous  magnetisation  of  two  of  these  bars  had  neither  aug- 
mented nor  weakened  the  inherent  polarity  of  their  molecules. 
Soft  iron  gave  under  these  conditions  by  fetr  the  greatest  force, 
its  inherent  polarity  being  greater  than  that  of  steel. 

I  have  made  numerous  other  experiments  bearing  upon  the 
question  of  neutrality,  but  they  all  confirm  those  I  have  cited, 
which  I  consider  afibrd  ample  evidence  of  the  symmetrical 
arrangement  of  neutrality. 

Superposed  MagTietiam. 

Knowing  that  by  torsion  we  can  rotate  or  diminish  magnetism, 
I  was  anxious  to  obtain  by  its  means  a  complete  rotation  from 
north  polarity  to  neutrality,  and  from  neutrality  to  south  polarity, 
or  to  completely  reverse  magnetic  polarity  by  a  slight  right  or 
left  torsion. 

I  have  succeeded  in  doing  this,  and  in  obtaining  strong  reversal 
of  polarities,  by  superposing  one  polarity  given  whilst  the  rod  is 
under  a  right  elastic  torsion,  with  another  of  the  opposite  polarity 
given  under  a  left  elastic  torsion,  the  neutral  point  then  being 
reached  when  the  rod  is  free  from  torsion.  The  rod  should  be  very 
strongly  magnetised  imder  its  first  or  right-hand  torsion,  so  that 
its  interior  molecules  are  rotated,  or,  in  other  words,  magnetised 
to  saturation ;  the  second  magnetisation  in  the  contrary  sense  and 
torsion  should  be  feebler,  so  as  only  to  magnetise  the  surface,  or 
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not  more  than  one-half  its  depth :  these  can  be  easily  adjusted  to 
each  other  so  as  to  form  a  complete  polar  balance  of  force,  pro- 
ducing, when  the  rod  is  free  from  torsion,  the  aeatrality  as  shown 
at  B,  Fig.  1. 

Hie  apparatus  needed  is  «mpl;  a  good  compound  horse-shoe 
permanent  magnet,  15  centimetres  long,  having  six  or  more 
plates,  giving  it  a  total  thickness  of  at  least  3  centimetres.  We 
need  a  sufficiently  powerful  magnet,  as  I' find  that  I  obtain  a 
more  equal  distribution  of  magnetism  npon  a  rod  or  strip  of  iron 
by  drawing  it  lengthwise  over  a  single  pole  in  a  direction  from 
that  pole,  as  shown  in  Fig.  2 ;  we  can  then  obtain  satoiation  by 
repeated  drawings,  keeping  the  same  molecular  synmtetry  in  each 
experiment. 

In  order  to  apply  a  slight  elastic  torsion  when  magnetising 
rods  or  wires,  I  have  found  it  convenient  to  attach  two  brass 
clamp  keys  to  the  extremities  of  the  rods,  or  simply  turn  the 
ends  at  right  angles,  as  shown  in  the  following  diagram,  by  which 


means  we  can  apply  an  elastic  twist  or  torsion  whilst  drawing 
the  rod  over  the  pole  of  the  permanent  magnet.  We  can  thus 
snperpose  several  and  opposite  symmetrical  structures,  producing 
a  polar  north  or  south  as  desired,  greatly  in  excess  of  that  possible 
under  a  single  or  even  double  magnetisation,  and  by  carefully 
adjusting  the  proportion  of  opposing  magnetisms,  so  that  both 
polarities  have  the  same  external  force,  the  rod  will  be  at  perfect 
external  neutrality  when  free  from  torsion. 

If  we  now  hold  one  end  of  this  rod  at  a  few  centimetres 
distance  tmm  a  magnetic  directive  needle,  we  find  it  perfectly 
nentnl  when  free  of  torsion,  but  the  slightest  torsion  right  ta 
left  at  once  produces  violent  repulsion  or  attraction,  according  to 
the  direction  of  the  torsion  given  to  the  rod,  the  iron  rod  or  stripe 
of  hoop-iion  which  I  use  for  this  e^>eriment  being  able,  when  at 
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the  distance  of  5  centimetres  from  the  needle,  to  turn  it  instantly 
90^  on  either  side  of  its  zero. 

The  external  neutrality  that  we  can  now  produce  at  will  is 
absolute,  as  it  crosses  the  line  of  two  contrary  polarities,  being 
similar  to  the  zero  of  my  electric  sonometer,  whose  zero  is  obtained 
by  the  crossing  of  two  opposing  electric  forces. 

This  rod  of  iron  retains  its  peculiar  powers  of  reversal  in 
a  remarkable  degrei,  a  condition  quite  different  to  that  of 
ordinary  magnetisation,  for  the  same  rod,  when  magnetised  to 
saturation  under  a  single  ordinary  magnetism,  loses  its  evident 
magnetism  by  a  few  elastic  torsions,  as  I  have  already  shown ;  but 
when  it  is  magnetised  under  the  double  torsion  with  its  superposed 
magnetism,  it  is  but  slightly  reduced  by  variations  or  numerous 
torsions,  and  I  have  found  it  impossible  to  render  this  rod  again 
fi:ee  firom  its  double  polar  effects,  except  by  strongly  remagnet- 
ising  it  to  saturation  with  a  single  polarity.  The  superposed 
magnetism  then  becomes  a  single  directive  force,  and  we  can 
then  by  a  few  vibrations  or  torsions  reduce  the  rod  to  its  ordinary 
condition. 

The  effects  of  superposed  magnetism  and  its  double  polarity  I 
have  produced  in  a  variety  of  ways,  such  as  by  the  electro-magnetic 
influence  of  coils,  or  in  very  soft  iron  simply  by  the  directive 
influence  of  the  earth's  magnetism,  reversing  the  rod  and  torsions 
when  held  in  the  magnetic  meridian,  these  rods  when  placed 
magnetic  west  showing  distinctly  the  double  polar  effects. 

It  is  remarkable,  also,  that  we  are  enabled  to  superpose  and 
obtain  the  maximum  effects  on  thin  strips  of  iron  firom  i  to  ^ 
millimetre  in  thickness,  whilst  in  thicker  rods  we  have  far  less 
effect,  being  masked  by  the  comparatively  neutral  state  of  the 
interior,  the  exterior  molecules  then  reacting  upon  those  of  the 
interior,  allowing  them  to  complete  in  the  interior  their  circle  of 
attractions. 

I  was  anxious  to  obtain  wires  which  would  preserve  this 
structure  against  the  destructive  influence  of  torsion  and  vibrations, 
so  that  I  could  constantly  employ  the  same  wires  without  the 
comparatively  long  and  tedious  process  of  preparation.  Soft  iron 
soon  loses  the  structure,  or  becomes  enfeebled,  under  the  constant 
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to  and  fro  torsions  requisite  where  we  desire  a  constant  change 
of  polarity,  as  described  later  in  the  magnetic  bells.  Hard  steel 
preserves  its  structure,  but  its  molecular  rigidity  is  so  great  that 
we  obtain  but  mere  traces  of  any  change  of  polarity  by  torsion. 
I  have  found,  however,  that  fine  cast  drill  steel,  untempered,  of 
the  kind  employed  by  watchmakers,  is  most  suitable :  these  are 
generally  sold  in  straight  lengths  of  30  centimHres.  Wires 
1  millimetre  in  diameter  should  be  used,  and  when  it  is  desired 
to  increase  the  force,  several  of  these  wires,  say,  nine  or  ten,  should 
be  formed  into  a  single  rod  or  bunch. 

The  wire  as  sold  is  too  rigid  to  give  its  mAxiTrmm  of  molecular 
rotation  effect.  We  must  therefore  give  it  two  entire  turns  or  twists 
to  the  right,  and  strongly  magnetise  it  on  the  north  pole  of  the 
magnet  whilst  under  torsion.  We  must  again  repeat  this  operation 
in  the  contrary  direction,  after  restoring  the  wire  to  its  previous 
*  position,  giving  now  two  entire  turns  to  the  left  and  magnetising 
it  on  the  south  pole.  On  restoring  the  wire  to  its  original  place, 
it  will  be  extremely  flexible,  and  we  may  now  superpose  several 
contrary  polarities  tmder  contrary  torsions,  as  already  described. 

The  power  of  these  wires,  if  properly  prepared,  is  most  remark- 
able, being  able  to  reverse  their  polarity  under  torsion,  as  if  they 
were  completely  saturated ;  and  they  preserve  this  power  indefinitely 
if  not  touched  by  a  magnet.  It  would  be  extremely  difficult  to 
explain  the  action  of  the  rotative  effects  obtained  in  these  wires 
under  any  other  theory  than  that  which  I  have  advanced ;  and 
the  absolute  external  neutrality  that  we  obtain  in  them  when 
the  polarities  are  changing,  we  know,  fix>m  their  structure,  to  be 
perfectly  symmetrical. 

I  was  anxious  to  show,  upon  the  reading  of  this  Paper,  some 
niechanical  movement  produced  by  molecular  rotation,  conse- 
quently I  have  arranged  two  bells  that  are  struck  alternately  by  a 
polarised  armature  put  in  motion  by  the  double  polarised  rod  I 
have  already  described,  but  whose  position,  at  3  centimetres  distant 
from  the  axis  of  the  armature,  remains  invariably  the  same.  The 
magnetic  armature  consists  of  a  horizontal  light  steel  bar  sus- 
pended by  its  central  axle  ;  the  bells  are  thin  wine  glasses,  giving 
h  clear  musical  tone  loud  enough,  by  the  force  with  which  they 
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are  etmck,  to  be  clearly  heard  at  some  distance.  The  armature 
does  not  strike  these  alternately  by  a  pendulous  movement,  as  we 
may  easily  strike  only  one  continuously,  the  fidction  and  inertia 
of  the  armature  causing  its  movements  to  be  perfectly  dead-beat 
when  not  driven  by  some  external  force,  and  it  is  kept  in  its  zero 
position  by  a  strong  directive  magnet  placed  beneath  its  axle. 

The  mechanical  power  obtained  is  extremely  evident,  and  is 
sufficient  to  put  the  sluggish  armature  in  rapid  motion,  striking 
the  bells  six  times  per  second,  and  with  a  power  sufficient  to 
produce  tones  loud  enough  to  be  clearly  heard  in  all  parts  of  the 
hall  of  the  Society.  As  this  is  the  first  direct  transformation  of 
molecular  motion  into  mechanical  movement,  I  am  happy  to  show 
it  on  this  occasion. 

There  is  nothing  remarkable  in  the  bells  themselves,  as  they 
evidently  could  be  rung  if  the  armature  was  surrounded  by  a  coil, 
and  worked  by  an  electric  current  from  a  few  cells.  The  marvel, 
however,  is  in  the  small  steel  superposed  magnetic  wire  producing 
by  slight  elastic  torsions  from  a  single  wire,  1  millimetre  in 
diameter,  sufficient  force  from  mere  molecular  rotation  to  entirely 
replace  the  coil  and  electric  current. 

Elastic  Natwre  of  the  Ether  surrouruUng  the  Magnetic  Molecules, 

During  these  researches  I  have  remarked  a  peculiar  property 
of  magnetism,  viz.,  that  not  only  can  the  molecules  be  rotated 
through  any  degree  of  arc  to  its  maximimi,  or  saturation,  but 
that,  whilst  it  requires  a  comparatively  strong  force  to  overcome 
its  rigidity  or  resistance  to  rotation,  it  has  a  small  field  of  its  own 
through  which  it  can  move  with  excessive  freedom,  trembling, 
vibrating,  or  rotating  through  a  small  degree  with  infinitely  less 
force  than  would  be  required  to  rotate  it  permanently  on  either 
side.  This  property  is  so  marked  and  general  that  we  can  observe 
it  without  any  special  iron  or  apparatus. 

Let  us  take  a  flat  rod  of  ordinary  hoop-iron,  30  or  more  centi- 
metres in  length.  If,  whilst  holding  this  vertically,  we  give 
freedom  to  its  molecules  by  torsions,  vibrations,  or,  better  still,  by 
a  few  blows  with  a  wooden  mallet  upon  its  upper  extremity,  we 
find,  as  is  well  known,  that  its  lower  portion  is  strongly  north,  and 
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its  upper  south.  If  we  reverse  this  rod,  we  now  find  it  neutral  at 
both  extremities.  We  might  here  euppose  that  the  earth's  directs 
ing  force  had  rotated  the  molecules  to  zero  or  tranaversely,  which 
in  reality  it  has  done,  bat  only  to  the  limit  of  their  comparatively 
free  motion ;  for  if  we  reverse  the  rod  to  its  original  position,  its 
previous  strong  polarity  reappears  at  both  extremities,  thus  the 
central  point  of  its  iree  motion  is  inclined  to  the  rod,  giving  by 
its  free  motion  great  symmetrical  inclination  and  polarity  in  one 
direction,  but  when  reversed  the  inclination  is  reduced  to  zero. 

In  Fig.  3,  D  shows  the  bar  of  iron  when  strongly  polarised  by 
earth's  magnetic  influence,  under  vibrations,  with  a  sufficient  force 
to  have  rotated  its  elastic  centre  of  action.  C  shows  the  same 
bar  with  its  molecules  at  zero,  or  transversal,  the  directing  force 
of  earth  being  insufficient  without  the  aid  of  mechanical  vibration 


to  allow  them  to  change.  The  dotted  lines  of  D  suppose  the 
molecule  to  be  in  the  centre  of  its  free  motion,  whilst  at  C  the 
molecules  have  rotated  to  zero,  as  they  are  prevented  from  further 
rotation  by  being  at  the  extreme  end  of  its  free  motion. 

If,  now,  we  hold  the  rod  vertically,  as  at  C,  giving  neutrality, 
and  give  a  few  slight  blows  with  a  wooden  mallet  to-  its  upper 
extremity,  we  can  give  just  the  amount  of  freedom  required  for  it 
to  produce  evident  polarity,  and  we  then  have  equal  polarity,  no 
matter  which  end  of  the  bar  is  below,  the  centre  of  its  free  rota- 
tion here  being  perfect,  and  the  rod  perfectly  neutral  longitu- 
dinally when  held  east  and  west.  If,  on  the  other  hand,  we  have 
given  too  much  freedom  by  repeated  blows  of  the  mallet,  its 
centre  of  &ee  motion  becomes  inclined  with  the  molecules,  and 
we  arrive  at  its  first  condition,  except  that  it  is  now  neutral  at  D 
and  polarised  at  C.     From  this  it  will  be  seen  that  we  can  adjust 
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this  centre  of  action,  by  vibrations  or  blows,  to  any  point  within 
the  external  directing  influence. 

We  can  perceive  this  eflfect  of  free  rotation  in  a  limited  space 
in  all  classes  of  iron  and  steel,  being  far  greater  in  soft  Swedish 
iron  than  in  hard  iron  or  steel.  A  similar  phenomenon  takes  place 
if  we  magnetise  a  rod  held  vertically  in  the  direction  of  earth's 
magnetism.  It  then  gives  greater  polarity  than  if  magnetised  east 
or  west,  and  if  magnetised  in  a  contrary  sense  to  earth's  magnet^ 
ism,  it  is  very  feebly  magnetised,  or,  if  the  rod  is  perfectly  sofl^ 
it  becomes  neutral  after  strong  magnetisation.  This  property  of 
comparative  freedom,  and  the  rotation  of  its  centre  of  action,  can 
be  demonstrated  in  a  variety  of  ways.  One  remarkable  example 
of  it  consists  in  the  telephone.  All  those  who  are  thoroughly 
acquainted  with  electro-magnetism,  and  know  that  it  requires 
measurable  time  to  charge  an  electro-magnet  to  saturation 
(about  ^  of  a  second  for  those  employed  in  telegraphy),  were 
surprised  that  the  telephone  could  follow  the  slightest  change  of 
timbre,  requiring  almost  innumerable  changes  of  force  per  second. 
I  believe  the  free  rotation  I  have  spoken  of  through  a  limited 
range  explains  its  remarkable  sensitiveness  and  rapidity  of  action, 
and,  according  to  this  view,  it  would  also  explain  why  loud 
sounding  telephones  can  never  repeat  all  the  delicacy  of  timbre 
that  is  easily  done  with  those  only  requiring  a  force  comprised  in 
the  critical  limits  of  its  free  rotation.  This  property,  I  have 
foimd,  has  a  distinct  critical  value  for  each  class  of  iron,  and  I 
propose  soon  to  publish  researches  upon  the  molecular  construc- 
tion of  steel  and  iron,  in  which  I  have  made  use  of  this  very 
property  as  a  guide  to  the  quality  of  the  iron  itself. 

The  elastic  rotation  (in  a  limited  space)  of  a  molecule  differs 
entirely  from  that  known  as  mechanical  elasticity.  In  perfectly 
soft  iron  we  have  feeble  mechanical  elasticity,  whilst  in  tempered 
steel  we  have  that  elasticity  at  its  maximum.  The  contrary  takes 
place  as  regards  molecular  elasticity.  In  tempered  steel  the 
molecules  are  extremely  rigid,  and  in  soft  iron  its  molecular 
elasticity  is  at  its  maximum.  Its  free  motion  differs  entirely  from 
that  given  it  by  torsion  or  stress.  We  may  assume  that  a  mole- 
cule is  surrounded  by  continuous  ether,  more  of  the  nature  of  a 
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jelly  than  of  that  of  a  gas :  in  such  a  medium  a  molecule  might 
freely  vibrate  through  small  arcs,  but  a  rotation  extending  beyond 
its  critical  limit  would  involve  a  much  greater  expenditure  of 
force. 

The  discovery  of  this  comparatively  free  rotation  of  molecules, 
by  means  of  which,  as  I  have  shown,  we  can  (without  in  any 
degree  disturbing  the  external  mechanical  elasticity  of  the  mass) 
change  the  axes  of  their  free  motion  in  any  direction  desired,  has 
led  me  into  a  series  of  researches  which  have  only  indirectly 
any  relation  with  the  theory  of  magnetism.  I  was  extremely 
desirous,  however,  of  finding  an  experimental  evidence  which  in 
itself  should  demonstrate  all  portions  of  the  theory,  and  the 
following  experiment,  I  believe,  answers  this  purpose : — 

Let  us  take  a  square  soft  iron  rod,  5  millimetres  in  diameter 
by  30  or  more  centimetres  in  length,  and  force  the  molecules,  by 
aid  of  blows  from  a  wooden  mallet,  as  previously  described,  to 
have  their  centres  of  free  motion  in  one  direction,  the  rod  will  (as 
already  shown)  have  polarity  at  both  ends,  when  held  vertically ; 
but,  if  reversed,  both  ends  become  completely  neutral. 

If  now  we  turn  the  rod  to  its  first  position,  in  which  it 
shows  strong  polarity,  and  magnetise  it  whilst  held  vertically,  by 
drawing  the  north  pole  of  a  sufficiently  powerful  permanent 
magnet  from  its  upper  to  its  lower  extremity,  we  find  that  this 
rod,  instead  of  having  south  polarity  at  its  lower  portion,  as  we 
should  expect  from  the  direction  of  the  magnetisation,  is  com- 
pletely neutral  at  both  extremities,  but  if  we  reverse  the  rod,  its 
ftdlest  free  powers  of  magnetisation  now  appear  in  the  position 
where  it  was  previously  neutral.  Thus,  by  magnetisation,  we 
have  completely  rotated  its  free  path  of  action,  and  find  that  we 
can  rotate  this  path  as  desired  in  any  direction  by  the  application 
of  a  sufficient  directing  power. 

If  we  take  a  rod  as  described,  with  its  polarities  evident  when 
held  vertically,  and  its  neutrality  also  evident  when  its  ends  are 
reversed  in  the  same  magnetic  field,  we  find  that  its  polarity  is 
equal  at  both  ends,  and  that  it  is  in  every  way  symmetrical  with 
a  perfect  magnet.  If  we  gradually  reverse  the  ends  and  take 
observations  of  its  condition  through  each  degree  of  arc  passed 
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over,  we  find  an  equal  symmetrical  diminution  of  evident  external 
polarity  until  we  arrive  at  neutrality,  when  it  has  no  extenud 
trace  of  inherent  polarity,  but  its  inherent  polarity  at  once 
becomes  evident  by  a  simple  return  to  its  former  position.  Thus 
the  rod  has  passed  through  all  the  changes  from  polarity  to 
neutrality,  and  from  neutrality  to  polarity,  and  these  changes 
have  taken  place  with  complete  symmetry. 

The  limits  of  this  paper  do  not  allow  me  to  speak  of  the 
numerous  theoretical  evidences  as  shown  by  the  use  of  my 
induction  balance.  I  believe,  however,  that  I  have  cit^  already 
experimental  evidences  to  show  that  what  has  been  attributed 
to  coercive  force  is  really  due  to  molecular  freedom  or  rigidity; 
that  in  inherent  molecular  polarity  we  have  a  feict  admitted  by 
Couloumb,  Poisson,  Ampere,  De  la  Eive,  Weber,  Du  Moncel, 
Wiedermann,  and  Maxwell ;  and  that  we  have  also  experimental 
evidence  of  molecular  rotation  and  of  the  symmetrical  character 
of  polarity  and  neutrality. 

The  experiments  which  I  have  brought  forward  in  this  paper, 
in  addition  to  those  mentioned  in  my  paper  read  before  the  Royal 
Society,  will,  I  hope,  justify  me  in  having  advanced  a  theory  of 
magnetism  which  I  believe  in  every  portion  allows  at  least 
experimental  evidences  of  its  probable  truth. 

The  PREsmENT:  For  the  last  2,000  years  man  has  been  asking 
nature.  What  is  magnetism  ?  and  endeavouring  by  every  means 
in  his  power  to  solve  the  mystery.  Little  by  little  our  knowledge 
has  been  extended,  and  Professor  Oersted  in  1819  proved,  by 
inductive  reasoning,  that  a  conductor  of  electricity,  while  a 
current  was  flowing  through  it,  had  all  the  properties  of  a  magnet. 
That  was  a  grand  and  most  useful  discovery,  for  without  the 
knowledge  of  the  laws  then  opened  up  our  present  system  of 
electric  telegraphy  could  never  have  existed. 

Professor  Oersted's  discovery  is  well  illustrated  in  the  principle 
of  Sir  Wm.  Thomson's  siphon  recorder,  as  used  for  signalling 
through  long  submarine  cables.  Imagine  the  conductor  of  a 
cable  terminating  in  a  coil  of  fine  wire,  suspended  like  the  float 
at  the  end  of  a  fishing  rod,  but  placed  in  a  strong  magnetic  field 
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instead  of  water.  The  light  coil  thus  suspended  becomes  mag- 
netic when  the  slightest  current  of  electricity  is  passing  through 
it,  and  is  consequently  deflected  to  the  left  or  right,  according  to 
the  direction  of  the  current. 

I  will  mention  an  experiment  lately  made  by  me,  which  I 
think  favours  Professor  Hughes's  observations  on  the  molecular 
theory.  If  a  flat  spiral  of  copper  wire  be  placed  in  circuit  with  a 
battery  and  suitable  contact  breaker,  then  any  piece  of  iron 
placed  in  the  neighbourhood  of  the  spiral  will  emit  a  sound  at 
each  make  or  break  of  the  battery.  Recently  I  placed  in  front 
of  a  spiral  so  connected,  a  sheet  of  thin  iron  fastened  to  a 
sounding-board  on  which  was  placed  a  microphone.  The  micro- 
phone was  then  connected,  as  usual,  to  a  battery  and  telephone, 
and  on  setting  the  contact  breaker  (an  automatic  tuning  fork 
transmitter)  to  work,  the  pitch  of  the  tuning  fork  was  clearly 
reproduced  in  the  telephone,  the  molecular  vibrations  of  the  iron 
plate  being  sufficient  to  affect  the  microphone. 

I  have  often  endeavoured  to  picture  to  my  mind  the  sensation 
that  must  have  been  caused  by  Professor  Oersted's  discovery,  but  I 
think  that  what  Professor  Hughes  has  shown  us  this  evening  will 
be  as  equally  exciting. .  I  have  never  listened  with  more  satis- 
&ction  to  the  reading  of  any  paper  than  I  have  this  evening ; 
and  I  am  sure  that  it  is  almost  unnecessary  for  me  to  call  upon 
you  to  give  a  hearty  vote  of  thanks  to  Professor  Hughes  for  his 
kindness  in  bringing  before  us  the  results  of  his  investigations. 

Professor  W.  Grylls  Adams,  F.R.S. :  I  entirely  agree,  Sir, 
with  the  remarks  which  have  fallen  from  you  as  to  the  value  of 
the  paper  we  have  just  heard.  It  possesses  one  great  merit,  in 
that  it  puts  before  us  very  clearly  the  diffierent  theories  of 
magnetism  which  have  been  propounded  by  Poisson,  by  Coulomb, 
by  Ampdre,  by  Weber,  and  by  Wiedemann.  The  first  part  of  the 
paper  is  a  r^sum^  of  the  different  theories  of  magnetism,  which 
Professor  Hughes  proceeds  to  clear  away  to  make  room  for  his 
new  theory.  The  principal  point  of  his  theory  is  contained  in 
hifl  fourth  statement,  that  "  when  we  have  external  neutrality,  or 
no  {^parent  magnetism,  the  molecules  or  their  polarities  arrange 
tiiemselves  so  as  to  satisfy  their  mutual  attraction  by  the  shortest 
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path,  and  thus  form  a  complete  closed  circnit  of  attraction."  Thus 
he  gets  rid  of  the  notion  that  the  molecules  of  a  magnetic  substance 
have  their  magnetic  axes  pointing  in  any  direction  indifferently 
when  the  substance  is  not  magnetised.  This  is  a  very  important 
point  in  theories  of  magnetism,  and  Professor  Hughes's  experi- 
ments go  a  long  way  in  isupport  of  his  position,  that  in  a  state  of 
neutrality  the  molecules  take  the  position  which  they  would 
freely  take  under  the  action  of  the  earth  alone.  Some  of  the 
experiments  which  Professor  Hughes  has  brought  forward  are 
quite  explained  by  the  previous  theories  as  to  the  relation 
between  currents  and  magnets,  and  are  at  the  same  time  very 
pretty  illustrations  of  the  relation  to  the  principles  of  energy. 

In  one  experiment  Professor  Hughes  showed  us  the  effect  of 
mechanical  torsion  on  a  wire  through  which  a  current  of  elec- 
tricity was  passing :  when  the  wire  was  under  torsion  the  current 
deflected  a  magnet  which  was  placed  at  right  angles  to  the 
vire.  This  result  is  entirely  explained  by  the  ordinary  laws  of 
the  action  of  currents  on  magnets.  When  there  is  no  torsion, 
the  current  is  everywhere  parallel  to  the  length  of  the  wire,  but 
when  the  cylindrical  wire  is  twisted,  the  generating  lines  of  the 
cylinder  take  the  form  of  a  helix  (say,  a  right-handed  helix)  and 
are  pulled  in  the  direction  of  their  length :  the  result  of  this  is 
that  the  electrical  resistance  is  increased  in  the  direction  of  this 
right-handed  helix,  and  consequently  the  current  flows  in  a 
left-handed  helix,  crossing  the  generating  lines. 

The  lines  of  magnetic  force  of  the  current  will  no  longer  be 
at  right  angles  to  the  length  of  the  wire,  and  so  the  magnetic 
needle  at  right  angles  to  it  is  deflected.  This  is  very  well  illus- 
trated by  a  pretty  experiment  first  made  in  my  laboratory,  by 
Mr.  Bottomley  and  myself,  some  years  ago.  A  brass  tube  was 
firmly  fixed  at  one  end  and  placed  at  right  angles  to  the  mag- 
netic meridian;  a  magnetic  needle  with  a  mirror  attached,  as 
in  a  reflecting  galvanometer,  was  suspended  within  the  tube; 
a  scale  and  lamp  were  placed  opposite  the  open  end  of  the  tube, 
to  which  torsion  could  be  applied  by  means  of  two  arms  pro- 
jecting from  the  end.  On  sending  a  current  along  the  brass 
tube,  the  magnetic  needle  within  it  was  not  deflected,  but  on 
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applying  torsion  to  the  tube  whilst  the  current  was  still  on,  the 
needle  was  immediately  deflected. 

Professor  W.  E.  Ayrton,  FJR.S.:  All  of  the  experiments 
made  by  Professor  Hughes  have  interested  me  very  much,  but 
that  part  which  referred  to  the  reaction  of  the  magnet  on  the 
current  had  especial  interest.  In  1872  a  somewhat  similar  idea 
struck  me,  viz.,  that  if  you  were  to  act  magnetically  on  a  wire 
you  would  probably  change  the  path  of  the  current,  and  so  alter 
the  resistance  of  the  wire.  For  that  purpose  (I  was  at  Messrs. 
Hooper's  works,  Millwall,  making  certain  tests  on  the  Great 
Western  cable  at  the  time)  I  had  constructed  a  coil  of  iron 
wire,  by  the  side  of  which  an  insulated  copper  wire  was  placed, 
the  object  being  to  ascertain  whether  the  resistance  of  the  iron 
wire  was  not  altered  by  being  transversely  magnetised.  Some 
preliminary  experiments  showed  that  a  certain  change  was  pro- 
duced in  the  ordinary  electric  resistance  of  an  iron  wire  by 
keeping  it  in  a  constant  state  of  transverse  magnetism — that  is 
to  say,  the  facility  for  electricity  to  pass  along  the  iron  wire  was 
altered  by  being  magnetised.  Having  to  leave  at  the  beginning 
of  1873  for  Japan,  I  was  unable  to  complete  those  experiments, 
and  therefore  the  numerical  results  were  never  published,  although 
the  fact,  I  believe,  gained  publicity.  Since  that  time  far  more 
elaborate  experiments  have  been  carried  on  at  King's  College, 
and  also  by  Beetz  and  by  De  Lucchi,  and  some  very  perceptible 
changes  in  the  electric  resistance  of  iron  wires  by  magnetising 
them  have  been  observed.  Professor  Hughes'  very  pretty  ex- 
periment, showing  the  action  on  the  current  due  to  the  molecular 
magnets  composing  the  bar,  of  course  gives  additional  confirma- 
tion to  this  idea. 

I  do  not  know  that  I  quite  understand  the  exact  arrangement 
he  imagines  for  the  little  molecular  magnets  when  the  bar  does 
not  show  any  trace  of  magnetism.  Perhaps  Professor  Hughes  will 
be  so  kind  as  to  add  a  word  or  two  on  this  point.  I  would  ask 
him  what  is  the  exact  arrangement  he  pictures  in  his  mind's  eye 
as  being  taken  up  by  the  molecular  magnets  when  the  bar  is  not 
magnetised  ?  When,  for  example,  you  have  a  very  thick  iron 
room  on  which  the  effect  of  the  earth  would  not  be  felt  by  the 
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experimental  inside  bar,  I  would  ask  what  he  then  thinks  is  the 
arrangement  of  the  molecular  magnets  in  an  iron  bar  inside  such 
a  room? 

Professor  Hughes'  experiments  are  certainly  very  novel  and 
most  interesting,  but  may,  I  venture  to  think,  be  explained  in 
accordance  with  the  older  theories  of  magnetism.  One  of  Pro- 
fessor Hughes'  objections  to  Amp^e's  theory  of  magnetism  is 
*Hhat  we  have  no  knowledge  of  any  elementary  electric  currents 
continually  flowing  without  any  expenditure  of  energy,"  Bot 
we  all,  I  presume,  admit  that  the  molecules  in  any  body  are  in  a 
state  of  rapid  vibration  and  possibly  of  rotation ;  consequently,  if 
they  possess  static  charges  of  electricity,  the  rotations  of  the 
molecules  will  cause  these  charges  to  act  like  currents,  and 
without  any  expenditure  of  energy.  I  do  not,  of  course,  say  that 
this  is  the  explanation  of  magnetism,  but  I  would  point  out  that 
it  is  quite  in  conformity  with  Ampere's  theory  of  magnetism. 

Professor  D.  E.  Hughes,  r.E.S. :  In  reply  I  would  say  that  I 
quite  agree  with  Professor  Adams,  who  has  very  kindly  explained 
the  true  mechanical  operation  which  really  takes  place.  I  was 
a&aid  that  time  would  not  allow  me  to  go  into  the  explanation, 
but  it  is  clearly  shown  in  Wiedemann's  book  that  every  molecule 
is  capable  of  turning  in  a  spiral  to  45*^,  when  a  rod  is  under  .the 
influence  of  torsion. 

As  regards  Professor  Ayrton's  remarks  regarding  the  mutual 
action  of  magnetism  and  electricity,  I  quite  agree  with  them,  as  I 
have  shown  that  the  action  and  reaction  on  each  other  is  equal. 
K  a  magnetic  needle,  or  even  a  molecule,  is  perfectly  free,  then 
the  current  rotates  the  magnetic  needle,  but  if  the  needle  or 
molecule  is  rigid  and  cannot  turn,  then  the  electricity  is  deflected, 
producing  the  results!  have  shown  this  evening. 

Profes^r  Ayrton  asks  a  very  pertinent  question  regarding 
neutrality,  but  I  believe  he  will  find  the  answer  to  his  question 
in  my  paper,  where  I  have  shown  that  we  cannot  obtain  perfect 
neutrality  in  soft  iron  whilst  under  the  influence  of  the  earth's 
magnetism,  but  that  we  can  produce  a  perfect  external  neutrality 
when  the  molecules  form  a  closed  circle  of  mutual  attraction,  as 
in  circular  or  superposed  magnetism. 
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If  it  were  possible  to  place  a  piece  of  iron  in  a  perfect  nentral 
field,  free  from  the  earth's  directing  influence,  then  the  molecules 
would  react  upon  each  other,  through  their  mutual  attraction, 
producing  the  closed  circuit  of  mutual  attraction,  as  I  have  already 
shown. 

The  President  2  The  time  has  now  arrived  for  us  to  close,  and 
I  have  to  remind  members  that  a  ballot  will  now  take  place,  and 
then  the  meeting  will  adjourn  to  the  8th  of  November.  The 
vacation  appears  a  very  long  one,  but  I  think  that  what  we  have 
heard  this  evening  will  provide  sufficient  entertainment  to  last  us 
imtil  we  meet  again. 

At  the  conclusion  of  the  ballot  it  was  announced  that  the 
following  were  elected : — 

As  Foreign  Mefmhera : 
Eric  Grerard.       |      Hermann  Sedlaczek.       |      Julius  Timm. 

-48  Member  : 
Edward  Tyer,  F.R.A.S.,  F.R.G.S. 

As  Associates : 


Colonel  George  E.  Gouraud. 
Henry  Sutton. 
Edwin  C.  Wallis. 


John  Bailey,  jun. 
Leslie  C.  Bell. 
L.  Binet. 

Lieut.  A.  E.  Wrottesley,  R.E. 

As  Students : 
Pedro  Juan  Gomez.  I      Alfred  Edward  Ruddock. 


The  meeting  then  adjourned  until  November. 
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GENERAL  SIR  £•  SABINE,  K.C.B. 

We  regret  to  announce  the  death,  on  the  26th  of  June,  of 
our  honorary  member  General  Sir  Edward  Sabine,  K.C.B.  The 
following  memoir  of  him  is  taken  from  Naiwre  of  July  5,  where 
it  follows  the  memoir  of  Mr.  Spottiswoode,  P.R.S.,  who  died 
almost  at  the  same  time  :— 

"  Spottiswoode,  round  whose  grave  in  Westminster  Abbey  so 
many  men,  great  in  so  many  ways,  have  stood  to-day,  is  not  the 
only  President  of  the  Royal  Society,  and  not  the  only  man  of 
science  whose  loss  we  have  to  deplore.  While  one,  however,  was 
cut  off  in  the  full  tide  of  his  life,  and  while  there  seemed  to  be  a 
rich  promise  of  many  years  of  valuable  work  in  store,  the  other 
had  feur  outlived  his  working  powers,  and  by  many  years  exceeded 
those  of  his  activity. 

"  A  reference  to  the  life-work  of  Sabine  will  clearly  show  how 
justly  his  high  position  and  reputation  were  accorded  to  him,  how 
nobly  he  has  worked  in  the  cause  of  science,  and  how  imperishable 
a  record  of  his  life  remains  in  the  existence  of  a  whole  branch  of 
scientific  research,  the  foundation  of  which  was  mainly  due  to  his 
untiring  industry. 

^^  Coming  of  an  old  family  said  to  be  of  Italian  origin,  which 
early  settled  in  Normandy,  and  removed  thence  to  our  own 
country,  Edward  Sabine  was  bom  in  Dublin  on  October  14,  1788, 
being  the  son  of  Mr.  Joseph  Sabine  of  Tewin.  He  received  his 
early  education  at  the  Royal  Military  Colleges  of  Marlow  and 
Woolwich,  obtaining  a  commission  as  second  lieutenant  when 
but  fifteen  years  of  age,  and  receiving  his  captaincy  eleven  years 
later. 

"Very  early  in  life,  indeed,  his  interest  became  centred  in 
physical  science,  and  especially  in  magnetism,  the  study  of  which 
he  pursued  with  indefatigable  zeal  and  marked  success.  The 
result  of  his  work  in  this  and  other  fields  is  to  be  foimd  in  the 
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many  papers  which  issued  from  his  pen.  In  1818,  six  years 
before  Spottiswoode  was  bom,  he  was  elected  a  member  of  the 
Royal  Society,  and  in  the  same  year  was  appointed  astronomer  to 
the  expedition  under  the  command  of  Sir  John  Boss  which  lefb 
England  in  search  of  the '  North-west  Passage*  The  carefii) 
observations  which  he  made  whilst  with  the  expedition  were  of 
great  value.  His  published  papers  begin  from  this  date,  com- 
mencing with  a  contribution  to  the  Transactioris  of  the  Li/n/nettn 
Society^  on  the  birds  of  G-reenland,  the  result  of  observations 
made  during  the  voyage ;  they  range  from  that  date  down  to  the 
year  1872,  thus  extending  over  a  period  of  no  less  than  fifty-four 
years. 

*^  During  this  long  period  of  active  work  he  contributed  to  the 
TranaactioTis  and  Proceedings  of  various  societies  and  contem- 
porary maga2ines  upwards  of  one  hundred  papers,  some  of  great 
length  and  many  of  considerable,  value  and  importance.  Although 
a  large  number  of  these  deal  with  the  subject  of  terrestrial  mag- 
netism, many  other  branches  of  science  are  included  in  them,  the 
voluminous  nature  of  his  published  works  being  not  less  remark- 
able than  the  wide  fields  of  study  over  which  they  range. 

"  A  considerable  number  are  to  be  found  in  the  Philosophical 
Transactional  to  which  he  contributed  upwards  of  forty.  To  the 
Proceedings  of  the  Royal  Society  he  made  numerous  contributions 
during  his  long  association  with  it ;  in  the  Quarterly  Joumdl  of 
Science  he  published  twelve  papers,  in  the  Reports  of  the  British 
Association  we  find  ten,  to  the  Philosophical  Magazine  he  made 
eight  contributions,  the  remainder  of  his  published  works  being 
scattered  among  the  Edinhurgh  Jowmdl  of  Sdencey  Joum/d  of 
the  Oeogrwphical  Society^  the  Proceedimgs  of  one  or  two  foreign 
societies,  and  the  pages  of  foreign  scientific  magazines. 

"  As  we  have  already  said,  his  scientific  contributions  date  from 
his  voyage  to  the  Arctic  regions  with  Sir  John  Ross  in  1818. 
Next  year  he  again  went  to  the  Arctic  regions,  this  time  with  an 
expedition  under  the  command  of  Sir  Edward  Parry.  As  the 
result  of  his  observations  there,  he  made  two  communications  to 
the  Eoyal  Society,  published  in  the  Philosophical  Transactions^ 
dealing,  the  one  with  the  irregularities  observed  in  the  direction 
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of  the  compass  needle  consequent  upon  the  attraction  of  the  iron 
of  the  ships,  the  other  with  the  variations  of  the  magnetic  needle, 
and  the  intensity  of  the  magnetic  force  during  the  voyage,  and 
calling  attention  for  the  first  time  to  the  extreme  importance  of 
founding  a  widely  extended  series  of  observations  of  those  strange 
magnetical  disturbances,  the  origin  of  which  is  still  mysterious. 
With  this  object  in  view  he  left  England  two  years  later  on  a  long 
voyage  in  H.M.S.  ^^  Pheasant,"  making  numerous  observations  and 
bringing  many  new  facts  to  light.  At  the  same  time,  at  several 
equatorial  stations  on  the  coasts  of  Afidca  and  America,  he  made 
observations  with  regard  to  the  swinging  of  the  pendulum,  with 
the  object  of  determining  the  true  figure  of  the  earth,  publishing 
the  results  in  the  Philosophical  Transactione.  When  on  the 
American  coast  during  this  voyage  he  took  up,  amongst  other 
subjects,  the  question  of  deepnsea  temperatures,  and  in  the  Philo- 
aophical  TransactioTis  for  1823,  he  at  that  early  period  published 
a  paper  on  the  temperature  at  great  depths  in  the  Caribbean  Sea, 
whilst  in  the  same  year  his  busy  pen  was  giving  an  account  of  the 
barometrical  measurement  of  the  height  of  the  Sugarloaf  Moun- 
tain at  Sierra  Leone,  and  the  Pico  Buivo  in  the  Island  of  Madeira. 
Three  years  later  he  published  in  the  Quarterly  Jov/mal  of  Science 
an  account  of  the  ocean  currents  met  by  H.M.S.  ^^ Pheasant" 
during  the  voyage  firom  Sierra  Leone  to  Bahia,  and  thence  to  New 
York,  in  which  he  records  that  the  Amazon  stream  was  crossed  at 
a  distance  of  300  miles  firom  the  mouth  of  the  river.  In  this  year 
(1823)  he  proceeded  on  another  voyage,  going  this  time  in  H.M.S. 
"G-riper"  to  Norway,  Greenland,  and  Spitzbergen,  to  continue  his 
magnetical  observations,  and  to  extend  the  series  of  pendulum 
experiments.  Whilst  at  the  latter  place  he  again  took  up  the 
question  of  barometrical  measurement  of  heights,  publishing  in 
the  Philosophical  TraTisadions  for  1824  a  comparison  of  that 
method  of  measurement  with  the  trigonometrical  determinations. 
Then  in  the  Edinburgh  Jowrrud  of  Science  in  1825  he  dealt  with 
the  presence  of  the  Gulf  Stream  on  the  coasts  of  Europe  as  deter- 
mined by  his  observations  in  the  year  1822,  and  proceeded  to 
discuss  the  question  of  depression  over  the  region  occupied  by  the 
Stream. 
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^^In  1826  an  acconnt  of  his  magnetical  observations  at  Spitz- 
bergen  appeared  in  Pogge7idorff*8  Annaleru 

^^  Continuing  his  pendulum  swingings  in  1827,  he  set  about 
determining  by  direct  observation  the  diflference  in  the  lengths  of 
the  seconds  pendulum  at  Paris  and  London.  The  results  of  these 
experiments  were  published  in  a  paper  of  some  length  which 
appeared  in  the  Philosophical  Transactions  for  1828.  At  the 
same  time  he  also  experimented  with  the  object  of  ascertaining 
the  ratio  of  the  magnetic  forces  acting  on  a  needle  horizontally 
suspended  in  London  and  in  Paris.  In  1829,  in  the  Philosophical 
TransOfdionSf  he  wrote  on  the  reduction  to  a  vacuum  of  the 
vibrations  of  an  invariable  pendulum;  and  in  the  Quarterly 
Journal  of  Science  for  the  same  year  he  gave  an  account  of 
experiments  concerning  the  force  of  the  earth's  magnetism,  and 
on  the  then  recent  magnetical  observations  in  Siberia  of  M.  Han- 
stein.  Li  the  Philosophical  Transactions  for  1831  he  describes 
some  experiments  made  with  the  object  of  determining  the  length 
of  the  seconds  pendulum  at  Greenwich. 

**For  many  years  from  this  date  he  worked  mainly  at  that 
science  on  which  he  had  most  deeply  set  his  mark,  that  of 
terrestrial  magnetism.  In  1835,  in  conjunction  with  Lloyd, 
Humphrey,  and  J.  C.  Boss,  he  contributed  to  the  Reports  of  the 
British  Association  (of  which  he  was  an  early  and  active  member, 
filling  the  post  of  General  Secretary  for  twenty-one  years)  an 
account  of  the  terrestrial  magnetic  force  in  Ireland.  In  the 
following  year  he  himself  published  in  the  Reports  of  that 
Association  an  account  of  the  magnetic  force  in  Scotland.  As  an 
indication  of  his  range  of  subjects,  we  may  here  remark  that  at 
this  time  he  published  in  Froriep  Notizen  a  paper  concerning  the 
volcanoes  of  the  Sandwich  Islands.  Then  in  1837  we  find  him 
again  contributing  to  the  British  Assodalion  Reports,  this  time 
a  paper  on  magnetic  intensity,  dealing  with  the  variations  it 
exhibits  at  different  parts  of  the  earth's  surfiEice.  He  also  wrote 
on  the  same  subject  two  years  later  in  Froriep  Notizen,  L^Institvl, 
QuetdePs  Mathemalical  Correspondence*  In  1838  a  memoir  on 
the  magnetic  isoclinal  and  isodynamic  lines  in  the  British  Isles 
appeared  in  the  British  Association  Reports,  being  prepared  from 
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observations  made  by  Professor  H.  Lloyd,  J.  Phillips,  B.  W.  Fox, 
Capt.  J.  C.  Boss,  and  the  indefatigable  Sabine.  In  1840  he 
continued  his  papers  on  terrestrial  magnetism  in  the  Philo- 
sophical Transations,  now  taking  for  his  subject  the  consideration 
of  lines  of  equal  inclination  and  intensity  in  the  Atlantic  Ocean, 
and  on  lines  of  magnetic  intensity  between  the  Cape  of  Crood 
Hope  and  Australia.  He  added  to  this  series  in  the  following 
year  by  contributing  an  account  of  the  observations  made  by 
Captain  Belcher  on  the  west  coast  of  America  ai;d  adjacent 
islands,  and  the  new  determination  of  magnetic  elements  at 
Otaheite.  Writing  in  1838,  Sabine  had  so  conclusively  demon- 
strated the  importance  of  magnetical  observations  being  made  in 
every  part  of  the  globe,  that  Captain  James  Boss  was  sent  with 
the  **  Erebus  "  and  "  Terror  "  to  make  a  magnetical  survey  of  the 
Antarctic  regions.  Sabine  did  not  accompany  the  expedition,  but 
had  the  results  of  the  observations  regularly  sent  him.  In  ex- 
tension of  the  work  of  the  magnetic  observatory  which  he  had 
established  in  England,  and  which  was  carried  on  entirely  by  his 
influence,  Sabine  had  induced  the  authorities  to  promote  the 
establishment  of  observatories  in  the  Colonies.  On  the  voyage 
out,  therefore,  not  only  were  numerous  observations  made,  but 
magnetical  and  meteorological  observatories  were  founded  at  St. 
Helena,  the  Cape,  and  Van  Diemen's  Land,  thus  permitting  a 
great  increase  in  the  number  of  possible  observations  and  a  con- 
sequent more  rapid  advance  of  the  science  which  Sabine  had  so 
much  at  heart.  Thes&  observatories — to  our  disgrace  be  it  said, 
some  have  now  been  abolished — ^were  placed  under  the  superin- 
tendence of  Sabine,  and  at  this  period  a  general  magnetic  survey 
of  the  globe  was  commenced  by  him  under  the  direction  of  the 
Admiralty,  although  from  what  has  gone  before  it  is  easy  to  see 
that  the  initiative  of  such  a  gigantic  task  had  come  from  himself. 
^^  In  1842  he  yet  further  added  to  his  contributions  to  terrestrial 
magnetism,  publishing  in  the  PhilosophicaZ  TrcmaOfCtiona  an 
account  of  observations  made  during  the  voyage  of  the  ^^  Erebus  " 
and  "Terror"  from  England  to  the  Cape,  and  from  thence  to  Ker- 
guelen  Island.  Then  in  1843  he  wrote  concerning  the  extension 
of  these  observations  from  Kerguelen  Island  to  Van  Diemen's 
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Island,  giving  an  account  also  of  the  various  observations  made  in 
the  Antarctic  circle  itself  during  the  summer  of  1840  and  1841, 
adding  in  the  year  following  (1844)  an  account  of  the  observations 
from  June,  1841,  to  August,  1842,  in  the  same  region.  In  1844 
and  1845  he  made  contributions  to  the  BrUiah  Aasociaiion 
Beports  concerning  the  meteorology  of  Toronto  and  Bombay. 
During  1846  he  again  made  contributions  to  meteorological  litera- 
ture, discussing  the  winter  storms  of  the  United  States,  and  the 
cause  of  the  mild  winters  which  occur  sometimes  in  our  own 
<*ountry. 

"  With  reference  to  the  survey  of  the  globe  to  which  we  have 
referred,  we  find  him  next  giving  an  account  of  a  magnetic  survey 
of  a  considerable  portion  of  the  North  American  continent,  and  of 
the  southern  hemi^here  between  the  meridian  of  0°  and  125*^ 
jeast,  and  parallels  of  —  20**  and  —  70**.  In  1849,  in  another  con- 
tribution, he  gave  a  map  of  the  magnetic  declination  for  1840  in 
the  Atlantic  Ocean,  between  the  parallels  of  60®  N.  and  60**  S. 
latitude.  In  this  year  it  was  that  Humboldt's  Coamos,  for  the 
author  of  which  Sabine  had  a  profound  admiration,  began  to  be 
issued  in  England,  being  translated  by  Mrs.  Sabine,  and  edited 
by  her  husband,  it  being  completed  in  1858.  In  the  year 
following  he  become  vice-president  of  the  Royal  Society,  with 
which  he  had  been  so  long  connected. 

"  The  colonial  observatories  were,  as  we  have  said,  under  the 
control  of  Sabine,  and  remained  so  for  many  years.  In  1851  and 
1852,  and  again  in  1856,  he  continued  his  papers  on  the  magnet- 
ism of  the  earth. 

"  It  had  been  observed  (first  by  Lament)  that  the  mean  of  the 
larger  magnetic  disturbances  gave  signs  of  being  bound  by  some 
law,  and  of  having  a  definite  but  long-period  variation.  Previously 
to  this  it  had  been  shown  by  Schwabe  that  the  number  of  spots 
on  the  surface  of  the  sun  increased  and  decreased  in  obedience  to 
regular  law,  the  cycle  occupying  nearly  eleven  years  for  its 
completion.  The  results  of  the  observations  at  the  colonial 
observatories  led  Sabine  to  the  discovery  that  magnetical  dis- 
turbances were  intimately  bound  up  with  this  solar  spot  period ; 
that  the  connection  between  them  was  of  such  a  nature  that  a 
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year  of  large  declination  coincided  with  a  year  of  maTimnni 
sunspots,  whereas  those  years  when  the  range  in  declination  was 
small  corresponded  with  years  when  there  were  but  few  spots  on 
the  sun.  In  the  same  year  the  same  &ct  was  independently 
determined  by  Dr.  Eudolf  Wolf  and  M.  Gautier. 

*'  In  1853,  at  the  meeting  of  the  British  Association  at  Bel&st, 
Sabine  occupied  the  presidential  chair.  In  this  year  he  turned 
to  a  consideration  of  the  moon's  influence  on  terrestrial  mag- 
netism, writing  concerning  the  effect  of  that  body  on  the  magnetic 
declination  at  Toronto,  St.  Helena,  and  Hobarton;  and  taking 
up  the  subject  again  in  1856,  he  then  discussed  the  lunar  diurnal 
variation  at  Toronto.  At  a  later  period,  in  the  Proceedn/ngs  of  the 
BoycU  Society^  he  contributed  a  paper  on  the  lunar  diurnal 
magnetic  declination  obtained  from  the  Kew  photograms.  In 
1857  he  made  another  contribution  to  the  Britiah  AsaodoHon 
BeportSy  discussing  the  amount  and  frequency  of  the  magnetic 
disturbances  and  of  the  aurora  at  Point  Barrow,  on  the  shores  of 
the  Polar  Sea.  In  the  PhUoaophical  Tranaactiond  for  the  same 
year  he  discussed  the  question  of  the  existence  of  the  decennial 
period  in  the  solar  diurnal  magnetic  variations  and  its  non- 
existence in  the  lunar  diurnal  variation  of  the  declination  at 
Hobarton,  as  M.  Kreil  seemed  to  think  was  the  case.  He  th^i 
stated,  as  the  result  of  a  re-examination  of  the  question  by  the 
light  thrown  upon  it  by  the  Hobarton  observations,  that  he  was 
as  entirely  convinced  of  the  existence  of  this  period  in  the  former 
case  as  he  was  convinced  of  its  non-existence  in  the  latter. 

"  Continuing  the  investigation  of  this  subject,  he  contributed 
to  the  Royal  Society  Proceedinga  for  1859-60  a  paper  on  the  solar 
diurnal  variation  of  the  declination  at  Pekin.  In  the  same 
volume  of  the  Royal  Society  Proceedinga  he  also  wrote  concerning 
the  laws  of  the  phenomena  of  the  larger  disturbances  of  the 
magnetical  declination  at  Kew  Observatory.  In  1861,  at  the 
request  of  the  General  Committee  of  the  British  Association,  he 
prepared  a  report  on  the  repetition  of  the  magnetic  survey  of 
England.  In  this  year  he  succeeded  Sir  Benjamin  Brodie  in  the 
presidency  of  the  Eoyal  Society,  which  position  he  occupied  for 
the  next  ten  years.    In  the  PhUoaophical  Magazine  for  1862  he 
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entered  into  a  discussion  concerning  the  cosmical  origin  of 
terrestrial  magnetism.  Two  years  later,  both  in  the  Philosophical 
Mdgctzine  and  the  ProceediTigs  of  the  Royal  Society y  he  published 
a  comparison  of  the  most  notable  disturbances  of  the  declination 
at  Kew  and  Nertschinsk  during  1858  and  1859.  During  the  next 
few  years,  notably  in  1866  and  1871,  records  of  the  magnetical 
observations  at  Kew  were  published  by  him.  The  chief  work, 
however,  of  this  period  of  his  life  consisted  in  concluding  his 
contributions  to  the  Philosophical  TransadionSy  by  reports  and 
reductions  of  the  work  done  during  the  Antarctic  expedition.  In 
a  lengthy  contribution  in  1866  he  resumed  the  discussion  and 
co-ordination  of  the  various  observations,  continuing  and  con- 
cluding this  in  another  paper,  which  is  to  be  found  in  the 
T}ransactio7is  for  1868.  His  last  contribution  appeared  in  1872, 
when  he  gave  a  magnetical  survey  of  the  North  Polar  regions  to 
serve  as  a  companion  to  the  survey  of  the  South  Polar  regions 
which  had  already  appeared.  It  was  his  earnest  wish  that  he 
might  be  spared  to  complete  this,  but  the  infirmities  of  age  were 
then  stealing  over  him,  and  it  is  doubtful  whether  it  would  ever 
have  appeared  had  it  not  been  for  the  able  assistance  of  Captain, 
now  Sir  Frederick  Evans,  the  Hydrographer  of  the  Admiralty, 
assistance  which  the  author  gracefully  acknowledges  in  a  post- 
script to  the  memoir. 

"From  this  date  the  work  of  Sabine  may  be  said  to  have 
ceased.  He  had  resigned  the  presidency  of  the  Royal  Society 
the  previous  year,  and  he  now  sought  to  spend  the  evening  of  his 
life  in  that  retirement  and  rest  to  which  his  advanced  age  and 
great  works  so  fairly  gave  him  a  claim.  He  had  received  the 
Copley  Medal  of  the  Royal  Society  in  1821,  and  the  Royal  Medal 
of  the  same  society  in  1849.  In  1869  he  was  made  K.C.6.  He 
possessed  also  the  Prussian  order  pour  le  mSritey  and  was  either 
an  honorary  or  corresponding  member  of  many  foreign  societies. 
We  mention  these  facts  to  show  that  he  retired  from  his  active 
life  full  of  well-earned  honours.  In  1879  he  lost  his  wife,  who 
for  more  than  half  a  century  was  the  close  companion  of  his 
labours.  In  the  history  of  the  Royal  Society  his  name  will  ever 
be  valued  as  that  of  one  who,  both  as  member  and  as  President, 
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was  ever  foremost  in  goarding  its  honour  and  maintaining  its 
dignity,  whilst  the  kindness  and  courtesy  which  as  President  he 
displayed  to  all,  not  excluding  the  younger  members,  will  be 
always  gratefully  remembered. 

"It  is  chiefly  by  his  pendulum  observations  and  by  his 
magnetic  determinations  and  reductions  that,  as  may  be  gathered 
from  what  has  been  said,  his  name  is  so  well  known  in  science. 
The  degree  of  accordance  which  some  of  the  early  determinatums 
of  the  former  kind  exhibited  was  so  much  in  advance  of  what  was 
at  that  time  thought  likely,  that  they  were  received  with  in- 
credulity in  some  quarters.  The  discussion  which  Sir  George 
Airy  made  long  ago,  in  his  article  on  the  figure  on  the  earth, 
published  in  the  "  Encyclopaedia  Metropolitana,"  of  the  pendulum 
observations  then  available  for  that  purpose,  shows  how  large  a 
share  belonged  to  the  labours  of  Sir  Edward  (then  Captain)  Sabine. 

"  His  own  magnetic  observations  were  marked  by  his  wonted 
accuracy;  and  his  discussion  of  the  results  obtained  at  the 
colonial  magnetic  observatories  led  to  new  and'  unexpected  results. 
The  most  striking,  perhaps,  of  these  was  the  discovery  of  the 
relation  between  magnetic  perturbations  and  the  more  or  less 
spotted  condition  of  the  sun's  suface,  to  which  we  have  already 
referred.  Dissimilar  as  are  these  phenomena,  and  difficult  as  it 
then  at  least  was  to  imagine  any  possible  cause  for  a  connection 
between  them,  subsequent  observations  have  fully  confirmed  the 
conclusion  at  which  he  arrived,  that  connected  they  are,  though 
what  the  precise  nature  of  the  connection  may  be  is  still  a  matter 
of  discussion. 

."  Though  from  the  nature  of  the  case  the  work  was  one  of 
compilation  rather  than  of  original  observation,  his  determination 
of  the  magnetic  state  of  the  earth  at  a  particular  epoch,  with  its 
accompanying  maps  of  the  isoclinal,  isogonal,  and  isodynamic 
lines  was  most  noteworthy.  The  search  for  the  original  authorities 
and  the  application  of  the  corrections  requisite  to  render  the 
observed  results  comparable  with  one  another  occupied  a  long 
time,  and  the  results,  as  we  have  pointed  out,  appeared  in  instal- 
ments, as  the  various  regions  into  which  as  a  matter  of  convenience 

earth's  suibce  was  divided  were  successively  completed. 
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"  The  establishment  of  the  colonial  observatories,  too,  was  the 
direct  result  of  his  exertions;  and  his  name  will  go  down  to 
posterity  as  that  of  the  man  who  more  than  any  other  laboured  for 
the  proper  establishment  of  the  science  of  terrestrial  magnetism, 
interesting  and  important  in  its  scientific  aspect,  and  pregnant 
with  so  many  benefits  to  mankind  at  large. 

**  He  was  buried  on  Saturday,  his  remains  being  placed  beside 
those  of  his  wife  in  the  family  vault  at  Tewin ;  the  funeral,  in 
accordance  with  his  own  wish,  being  of  the  simplest  character. 
In  addition  to  the  members  of  his  family  and  private  firiends,  the 
funeral  was  attended  by  the  Secretary  and  Treasurer  of  the  Royal 
Society,  the  Hydrographer  to  the  Admiralty,  and  representatives 
of  the  other  Grovemment  services  with  which  he  had  been  so 
long  connected." 
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ORIGINAL  COMMUNICATIONS. 


NOTES  OF  OBSEEVATIONS  OF  SOME  EARTH  CUERENTS, 
APPROACHING  AN  ELECTRIC  STORM,  WHICH 
PREVAILED  FROM  THE  17th  TO  THE  22nd  NOVEM- 
BER, 1882. 

By  T.  Ishie, 

DW9doT'Q»n$fal  of  the  Im^pefriaX  JaptuMM  TeUyraphi^  omd  fiKe  Sodety^s  Local 

Honorary  Secretary  for  /apan. 

ToKio,  AprH,  1883. 

17th. — ^Eaxth  currents  appeared  first  on  the  evening  of  the 
17th  November,  causing  interruptions  simultaneously  on  all  the 
lines,  with  the  exception  of  a  few  short  circuits.  Continuous 
tests  (taken  with  a  tangent  galvanometer  at  the  Nagasaki  Tele- 
graph Office)  on  the  main  lines,  some  of  which  are  not  less  than 
500  English  miles  long,  showed  that  the  earth  currents  were 
prevalent  on  all  these  wires,  the  negative  and  positive  waves 
coming  on  alternately  in  short  durations.  At  8.57  p.m.  interrup- 
tion of  communication  commenced,  and  lasted  for  about  an  hour, 
the  maximum  current  observed  in  this  interval  being  at  9  p.m., 
when  it  reached  about  ^'^  part  of  an  ampere;  it  then  gradually 
decreased  until  midnight,  when  it  almost  entirely  disappeared. 

18th. — At  1  a.m.  earth  currents  reappeared  on  the  various 
lines,  their  strength  increasing  gradually  until  they  reached  a 
maximum  at  8.30  a.m.  The  maximum  intensity  of  tlie  current 
observed  in  this  interval  was  as  great  as  that  observed  on  the 
preceding  evening.  Interruption  of  communication  continued  for 
about  thirty  minutes. 

19th,  20th. — PVom  9  a.m.  of  the  same  day  until  7  p.m.  of  the 
20th,  earth  currents  were  occasionally  observed,  but  were  not  of 
such  strength  as  to  materially  interfere  with  the  working  of  the 
lines.    During  the  interval  between  8  p.m.  and  midnight,  how- 
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ever,  the  working  on  all  lines  continued  troublesome.  For  about 
twenty  minutes  (between  10  and  11  p«m.)  communication  on  the 
longer  lines  was  altogether  stopped. 

2l8t,  22nd. — ^The  ordinary  tests,  taken  on  the  morning  of  the 
2l8t  and  22nd,  showed  that  the  lines  were  not  yet  free  from 
earth  currents,  which,  though  slight,  were  distinctly  observable. 

Comparing  the  above-mentioned  observations  with  those  pub- 
lished in  the  Telegraphic  Journal  of  the  25th  November,  we  see 
that  the  electric  storm  in  Japan  occurred  nearly  at  the  same  time 
as  those  in  Europe  and  America ;  hence  it  would  appear  that  the 
electric  storm  of  November  last  prevailed  all  over  the  world. 

{Extra^ded  from  Notes  made  by  Mr.  M.  Toshida^  Electrician  to 

the  Japanese  Telegraph  Department.) 

[NoTB.— The  clock  at  Nagasaki  is  abont  9  honrs  89  minntes  in  advance  of 
the  olock  at  Greenwich.] 


BATTEBY  POLARISATION. 


By  A.  Eden,  Associate. 

In  the  course  of  experiments  undertaken  with  a  view  to  lessen 
the  effects  of  polarisation  in  galvanic  batteries,  the  following 
arrangement  was  found  to  be  advantageous,  while  admitting  of 
approximately  correct  measurements  of  the  opposing  electro-motiVe 
force  produced  by  the  deposition  of  hydrogen  on  the  negative 
plate  of  those  cells  which  do  not  contain  metallic  solutions. 

As  I  am  not  aware  that  the  method  referred  to  has  been  tried 
before,  I  trust  that  it  will  be  found  of  sufficient  interest  to  warrant 
my  describing  it  to  the  members  of  this  Society. 

Any  cell  subject  to  polarisation  is  taken  and  furnished  with  a 
second  negative  plate  of  the  same  material  as  that  previously  in 
the  cell,  the  two  plates  being  free  from  contact  in  the  liquid,  but 
connected  externally  by  a  resistance,  as  shown  in  figure. 

When  the  wires  leading  firom  A  and  C  are  connected  by  a 
wire  of  (say)  40  o)  resistance,  the  path  C  B  B  A  is  traversed  by  a 
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very  feeble  current,  while  G  A  is  the  route  taken  by  a  current  of 
much  greater  force,  hydrogen  being  formed  with  more  or  lees 
rapidity  on  A,  while  B  is  practically  free  from  it. 

As  the  current  continues  to  flow,  a  galvanometer  inserted  in 
B  indicates  an  increasing  deflection  (up  to  a  certain  maximum), 
while  if  the  ordinary  path,  C  A,  is  disconnected,  the  deflection  in 
B  gradually  declines  and  ultimately  ceases,  indicating  that  A  is 
no  longer  positive  to  B,  or,  in  other  words,  that  the  hydrogen  has 
been  converted  into  electricity,  and  subsequently  into  he^  or 
work. 

It  is  obvious  that,  if  the  circuit  ABB  did  not  exist,  the 
hydrogen  would  not  be  so  expended,  but  would  be  dissipated  very 
slowly. 


The  circles  in  the  above  sketch  represent  the  onter  and  the  porons  pot  re- 
spectively. 

A,  the  usnal  negative  plate. 

B,  an  additional  negative  plate  of  the  same  material. 

C,  the  positive  rod  or  plate. 

B,  a  resistance  coil  of  100  «  or  more. 

To  illustrate  this,  I  give  the  mean  results  of  several  tests  made 
with  a  Fuller's  bichromate  cell,  pint  size — internal  resistance, 
1-5  o>;  E.M.F.,  2-03  volts  :— 

1.  Hydrogen  circuit  disconnected  ;  battery  E.M.P. 

short-circuited  1  minute      1"88 

2.  Force  indicated   in  polarisation  circuit 

when  joined  up  at  moment  of  dis- 
connecting battery  in  No.  1 '15 

3.  As  No.  1  for  5  minutes 1*74 

4.  Force  indicated  as  No.  2  after  discon- 

necting in  No.  3        '29 
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Hjdro^en    Hjdrog<ea 
GircoU  drcnit 

diflconnected.  joined  up. 
Volts.         Volts. 

5.  Aii^r  5  minntes  shortrcircoiting  ...       1*74         1'82 

6.  Batteiy  working  through  1 ,070  oi  after  (See  No.  8) 

shortrcircmting    rose    from   1*74    to 

1*96  in  ...         ...         ...         ...     6  min.    2  min. 

and  to  fiiU  force  in    , (^S^~V«")  2m.50s, 

7.  Afl;er  5  minutes  short-circuiting,  battery 

disconnected,  and  rose  to  full  force  in     6  min.   2  m.  50  s. 

8.  Hydrogen  circuit  taken  away;  two  nega- 

tive plates  joined  together  so  as  to 
act  as  one  plate,  short-circuited  for  3 
minutes  1*82  volts. 

9.  As  Xo.  8,  then  disconnected,  but  did  not 

rise  from  1'82  to  full  force  for        ...         9  m.  15  s. 
10.  As  No.  8 ;  did  not  iall  to  1*74  until  end  of  10  minutes, 
but  took  10  minutes  to  rise  to  ftill  force  after  being 
disconnected. 

Experimenting  with  different  solutions  and  also  different 
carbons,  it  appeared  that — 

1.  The  density  of  the  plates  influenced  the  rapidity  of  polari- 
sation and  depolarisation. 

2.  Polarisation  and  depolarisation  seemed  to  occupy  nearly 
equal  periods  when  the  polarisation  circuit  was  not  closed. 

3.  When  the  polarisation  circuit  was  in  action,  polarisation 
was  effected  with  much  greater  diflBculty,  and  depolarisation  took 
less  than  half  the  usual  time. 

4.  The  resistance  of  the  hydrogen  was  not  appreciable. 

Practically,  it  would  seem  to  be  advisable  to  put  two  negative 
plates  (arranged  as  described)  in  each  cell  liable  to  polarisation  ; 
and  it  seems  conclusively  proved  that  a  single  increase  of  negative 
surfiEice,  by  placing  the  negative  plate  in  fragments  of  the  same 
material,  or  by  using  larger  plates,  tends  to  retard  the  fall  of 
force  produced  by  polarisation,  but  also  retards  recovery  in  the 
same  degree. 

EoDiBUSOH,  ll^A  January^  1883. 
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ABSTRACTS. 


S.  WABBUBO^— ON  EFFECTS  OF  BETENTIYENESS  IN  THE 
MAGNETISATION  OF  IBON  AND  STEEL. 

{Phil.  Mag,,  Vol.  XV.,  No.  94,  ApHl,  1888,  p.  246.) 

The  author  refers  to  a  note  of  Hr.  Ewing,  commnnicated  to  the  Boyml 
Society,  in  which  is  described  a  fnndamental  fact  previously  published  by  the 
anthor.  If  a  permanent  moment^  m^,  has  been  produced  in  an  iron  wire  by  the 
action  of  a  longitudinal  magnetising  force,  Ki ,  and  if  the  wire  be  then  sub- 
jected to  magnetising  forces  which  first  increase  continuously  from  0  to  Ki, 
and  then  decrease  continuously  from  Ki  to  0,  then  for  the  same  magnetising 
force,  K,  the  magnetic  moment  of  the  wire  will  be  found  greater  when  K  is 
increasing  than  when  it  is  decreasing.  After  some  repetitions  of  the  operation 
the  wire  will  be  found  in  a  stationary  condition,  in  which  for  K  a  0  it  always 
has  the  same  moment,  m^,  and  for  K  —  Ki  the  same  moment,  ymo  +  mi.  If, 
therefore,  the  wire  being  in  this  state,  its  moment  is  represented  graphicaUy 
as  a  function  of  the  magnetising  force,  E,  a  closed  curve  will  be  got.  Except 
the  minimum  (O)  and  maximum  (K  J  values  of  K,  two  values  of  m  oorrospond 
to  every  value  of  K. 


B.  K.  X.  BOSAKQirST— ON  PERMANENT  MAGNETISM. 
{Phil.  Mag.,  Vol  XV.,  No.  95,  May,  1883.) 

In  this  original  communication  the  author  considers  some  experiments 
which  he  has  been  making  on  the  subject.  He  takes  the  view  that  magnetic 
induction,  or  the  number  of  lines  of  force  through  unit  area,  is  the  quotient 
of  magneto-motive  force  by  resistance  in  magnetic  circuits.  Magneto-motive 
force  is  a  difference  of  magnetic  potential.  The  author  has  shown  in  a  previous 
paper  that  if  a  permanent  magnet  of  hard  steel  be  divided  into  short  lengths, 
the  sum  of  the  moments  is  not  the  same  as  before,  but  is  greatly  reduced.  The 
experiments  were  made  with  a  compound  magnet,  constructed  of  eighteen 
cylindrical  pieces  fitted,  hardened,  and  magnetised.  They  were  placed  in  a 
cradle  hung  in  a  bifilar  suspension  arranged  so  that  the  plane  of  zero  deflection 
was  at  right  angles  to  the  magnetic  meridian.  Then  for  weeks  the  following 
mean  deflections  were  obtained : — 

For  the  eighteen  pieces  joined  up 13- 1° 

For  the  eighteen  pieces  separated 1*8° 
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A.  L.  XZMBALL-KOTES  ON  THE  DETEBMINATION  OF  THE  OHM 

IN  ABSOLUTE  MEASUBE. 

(A  C<mMntimeaHofi  to  the  Univertity  ScitnUfio  AnodaHofiy  Jan.  8, 1883.) 

Notice  was  g^yen  of  the  proposed  redetermination  of  the  ohm ;  the  method 
to  be  Qsed  being  the  same  as  that  used  by  Prof.  Bowland  in  1876,  changes  being 
made  in  the  character  and  arrangement  of  the  apparatus,  so  as  to  avoid,  so  far 
as  possible,  the  repetition  of  constant  errors.  A  short  account  was  given  of 
the  nature  and  importance  of  absolute  measurement  in  general,  in  which  the 
derived  units  are  all  based  on  the  fundamental  units  of  length,  mass,  and  time. 
The  nature  of  the  unit  of  electrical  resistance  was  then  noticed,  and  attention 
called  to  the  fact,  that  in  the  electro-magnetic  system  of  units  the  unit  of 
resistance  bears  to  the  units  of  length  and  time  the  relation  of  a  velocity. 
Mention  was  made  of  the  most  noteworthy  methods  that  have  been  used  in 
determining  the  value  of  resistance  in  absolute  measure,  attention  being  called 
to  the  manner  in  which  the  units  of  length  and  time  entered  into  the 
experiments. 


BEPORT  ON  THE  DYNAMO-ELECTRIC  MACHINES  USED  FOR  THE 
TRANSMISSION  OF  POWER  BY  M.  MABCEL  DEPBEZ.  BY  MM, 
BEBTBAND,  TBESCA,  DE  LESSEPS,  DE  FREYCINET,  AND  COBNU. 

{La  Lumikre  iUdrique,  T.  VIIL,  No.  15,  Avril  14, 1888.) 

This  is  a  reproduction  of  the  official  report  presented  to  the  Academy  of 
Science  of  Paris,  by  the  Commission  appointed  to  carry  out  the  experiments 
with  the  above  machines.  These  experiments  were  made  the  4th  March  last, 
in  the  workshops  of  the  Northern  Bailway  of  France ;  and  the  results  have 
already  been  published  in  full.    (Vids  The  EleoMcian,  March  81  and  April  7,  etc.) 


DS  VEBTZZ^LS— NEW  EXPEBIMENTS  OF  M.  BJEBKNES. 
(La  Lumih^  ileetrique,  T.  VITI.,  No.  15,  Avril  14, 1888,  p.  479.) 

The  former  experiments  of  M.  Bjerknes  simulated  electro-magnetic  or 
electrostatic  phenomena;  the  present  ones  are  the  analogues  of  electro- 
dynamic  phenomena.  It  may  be  as  well  to  remark  that  the  hydro^ynamio 
phenomena  studied  by  M.  Bjerknes  are  exactly  opposite  in  their  results  to  the 
corresponding  electrical  ones ;  thus,  for  example,  two  oscillating  spheres  attract 
one  another  when  they  are  in  the  same  phase,  and  repel  one  another  when  in 
unlike  phase. 

By  using  hollow  bodies  of  various  forms,  which  are  caused  to  pulsate 
in  a  slightly  viscous  medium,  such  as  glycerine  or  syrup,  by  means  of  rapid 
puffs  of  air  sent  into  them  from  a  double-action  pump,  the  reproduction  of 
various  electro^lynamic  phenomena  can  be  effected.  The  hollow  bodies  used 
consisted  of  small  drums,  or  cylinders,  closed  by  membranes  of  india-rubber: 
these  cylinders  give  rise  to  a  field  of  force,  in  which  the  lines  of  force  are 
circular,  concentric,  and  perpendicular  to  the  direction  of  the  current^  as  would 
be  the  case  with  a  straight  wire  conveying  a  current. 
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H.  Bjerknet  has  inyeitigated  three  oases  :— 

1.  Study  of  the  hydro-dynamio  field  of  a  revoWing  cylinder ;  correspond- 
ing to  the  electro-dynamic  field  of  a  current. 

2.  Mutual  action  of  reyolTing  cylinders ;  corresponding  to  the  mutual 
action  of  currents. 

8.  Action  of  reTolving  cylinders  on  pulsating  and  oscillating  bodies; 
corresponding  to  the  action  of  currents  on  magnetic  poles  or  magnets. 

The  figures  obtained  correspond  exactly  with  those  got  by  exposing  iron 
filings  to  the  action  of  a  current ;  and  from  the  first  series  of  experiments  it 
was  found  that  a  cylinder  in  rotary  oscillation  corresponds  to  an  electric 
current,  and  that  if  two  such  cylinders  are  compared,  they  correspond  to  two 
currents  in  the  same  direction  if  their  oscillations  are  concordant,  but  that 
if  their  oscillations  are  discordant  they  represent  two  currents  in  opposite 
directions. 

H.  Bjerknes  has  exactly  reproduced  Ampere's  parallelogram  by  employ- 
ing four  cylinders  forming  the  sides  of  a  small  square,  and  working  into  each 
other  by  means  of  bevel  gearing :  the  cylinders  are  set  in  motion  as  before  by 
means  of  an  air-pump.  All  the  phenomona  of  attraction,  repulsion,  and 
rotation  can  be  reproduced  with  this  apparatus. 

To  represent  the  action  of  currents  on  magnets  a  rotary  oscillator  is  used, 
together  with  a  sphere  oscillating  on  a  vertical  stalk.  From  the  former  experi- 
ments it  was  found  that  such  an  oscillating  sphere  behaved  like  a  magnet  when 
in  presence  of  a  similar  sphere,  and  the  later  experiments  have  shown  that  it 
still  represents  a  magnet.  Thus,  if  the  cylinder  and  the  sphere  are  put  in 
oscillation,  the  latter  turns  roimd  and  takes  up  such  a  position  that  its  oscilla- 
tions are  perpendicular  to  the  direction  of  the  cylinder. 

H.  Bjerknes  is  still  prosecuting  his  researches,  and  hopes  soon  to  find  still 
further  analogies  between  electro-dynamic  and  hydro-dynamic  phenomena. 


S.  K08PZTAXJB&— EXPERIMENTS  WITH  TROITVl'S  NEW 

BICHROMATE  BATTERY. 

{rfleetriden,  T.  F.,  No.  50,  Mwy  1, 1888,1).  404.) 

Each  battery  consists  of  six  cells  of  ebonite  of  rectangular  form ;   the 
whole  placed  in  a  wooden  case,  with  an  arrangement  for  raising  and  lowering 
all  the  plates  at  once.    Each  cell  has  one  plate  of  zinc  and  two  of  carbon,  the 
latter  being  coppered  at  the  top,  for  the  purpose  of  insuring  good  connectioD. 
The  solution  for  six  cells  is  made  of 

Water       8*0  kilogrammes. 

Powdered  bichromate  of  potash       1*2  „ 

Sulphuric  acid     8*6  „ 

128 
The  solution  contains,  therefore,  160  grammes  of  bichromate  per  litre ;  bat 
this  may  be  increased  to  200,  or  even  260  grammes  per  litre,  if  necessary.    T%t 
solution  is  best  prepared  by  first  putting  160  grammes  of  bichromate  in  powder 
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into  a  litre  of  water ;  after  thoroughly  stirring,  the  acid  10  i)&ry  slowly  added 
in  the  proportion  of  460 grammeB  per  litre  of  water,  continuing  to  stir;' the 
liquid,  which  has  become  hot  by  the  addition  of  the  acid,  is  then  allowed  to 
cool  gradually.  The  total  weight  of  a  battery  of  six  cells  is  about  8d|  kilo- 
grammes  (say,  74  lbs.). 

Twelve  cells  were  connected  in  series,  and  used  to  work  6  Swan*lamps, 
all  parallel.  The  plates  were  gradually  lowered  into  the  liquid  so  as  to  main- 
tain a  constant  current  of  8  amperes  during  four  hours  and  a  quarter,  by  the 
end  of  which  time  the  plates  had  been  completely  immersed.  During  a 
farther  hour  and  25  minutes  the  current  gradually  and  regularly  fell  to 
6  amperes,  when  the  experiment  was  stopped. 

During  the  former  period  of  4^  hours — 

Difference  of  potential  at  lamp  terminals  -  14*15  volts. 

„  „  battery       „  -  1670    „ 

Current        ...  —8  amperes. 

Work  in  external  circuit  jper  second  ...  *  138*6  watts. 

,»  )i  „         ...  »  18-5  kilogramm6tres. 

Time         —  15,800  seconds. 

Quantity  of  electricity «  122,400  coulombs. 

Energy  available  in  external  circuit  —  206,650  kilogrammMres. 

During  the  second  period  of  1  hour  25  min.  the  current  had  a  mean  value 
of  6-55  amperes  during  5,100  seconds,  and  the  mean  electrical  energy  available 
in  the  external  circuit  was  9  kilogramm&tres  per  second.  The  total  energy 
available  was  therefore  263,850  kilogramm^tres,  or  nearly  one  horse-power 
( »  270,000  kilogramm^tres) ;  thus  one  battery  of  6  cells  can  fumishjabout 
half  a  horse-power.    The  material  used  up  was — 

Zinc       1,498  grammes. 

Bichromate  of  potash  2,400       „ 

Sulphuric  acid  ...       7,200       „ 


—METHODS  FOB  THE  DETEBMIKATIOK  OF 
THE  OHM. 

{Jowmat  de  Physique,  T.  IT.,  No.  16,  Avril,  lB8^,pp.  149-158.) 

In  the  electro-magnetic  system  of  units  the  ratio  of  a  coefficient  of  induc- 
tion to  a  resistance  is  a  time.  The  only  measurements  essential  for  the  abso- 
lute determination  of  a  resistance  are  therefore — 

1.  The  measurements  of  length  necessary  for  calculating  the  absolute 
value  of  a  coefficient  of  mutual  induction. 

2.  A  measurement  of  time. 

The  author  proposes  to  employ,  as  a  source  of  electricity,  a  magnet  rotating 
inside  a  fixed  spherical  bobbin.  The  speed  of  rotation  of  the  magnet  may  be 
high  and  very  constant,  and  it  can  be  accurately  determined.  The  ends  of 
the  wire  of  the  fixed  bobbin  are  joined  to  a  complex  circuity  in  which  are 
induced  current!  of  different  amplitudes  and  phases,  but  all  lasting  during  one 
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revolation  of  the  magnet.  Ai  the  correnti  are  ondulating  and  alternating,  it 
is  neceasary  to  use  an  eleotro^ynamometer  as  measuring  instrument;  and  the 
circuit  must  be  so  arranged  as  to  reduce  the  deflection  of  the  moTable  bobbin 
to  zero. 

Two  methods  may  be  employed.    The  first  method  is  shown  in  the  follow- 
ing diagram:— 

SOURCE 


£1  m 


Fio.  1. 

The  conducting  wires  are  arranged  to  form  three  distinct  circuits,  (0),  (1),  (2).' 

The  circuit  (0)  comprises  the  undulatory  source  of  the  current,  the 
movable  coil  of  the  electro-dynamometer,  and  the  primary  of  an  induction  coiL 

The  circuit  (1),  traversed  by  an  induced  current  of  the  first  order,  contains 
the  secondary  of  the  induction  coil  in  the  circuit  (0),  and  the  primary  of  a 
second  induction  coil,  the  secondary  of  which  is  in  the  circuit  (2),  comprising 
also  a  set  of  resistances  and  the  stationary  coil  of  the  electro-dynamometer. 

When  the  speed  of  rotation  is  sufficiently  high,  it  is  possible,  by  means  of 
the  box  of  resistances,  to  bring  the  electro-dynamometer  to  zero  by  making  the 
difference  of  phase  between  the  primary  current  and  the  induced  current  of 
second  order  equal  to  t/2. 

Let  B|,  Bt,  Li,  L|  be  the  resistances  and  coefficients  of  self-induction  of 
the  circuits  (1)  and  (2),  and  Hoi,  ^i%  Ma  the  coefficients  of  mutual  induction 
of  the  circuits  (0, 1),  (1, 2),  (0,  2),  while  K  is  the  speed  and  e  is  the  very  small 
error  possible  in  the  difference  of  phase  t/s  ;  then  in  each  experiment  Ma  and 
$  are  to  be  reduced  to  the  lowest  possible  value,  and  the  calculation  made, 
treating  these  two  quantities  as  nil,  from  the  equation 


BiKa 


Ks  -1. 


The  above  equation  may  be  used  in  two  ways : — 

1.  By  determining  Li,  L|,  by  comparison  with  Mu,  which  is  calculated,  a 
determination  which  cannot  involve  an  error  greater  than  ^^ ; 

S.  By  making  two  experiments  with  the  same  speed,  in  which  Lj,  L|;  Bt 
remain  the  same,  but  Bi  is  increased  by  r,  and  Hn  changed  into  ntit. 
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We  ihall  then  haye 

Li  Lf  —  m?« 

which,  combined  with  the  preyiooi  equation,  giref 

(Mj,  -  mj.)  Kt  -  rE,, 
in  which  the  coeflBcients  of  induction.  His  and  tnit>  can  be  calculated  directly. 

>    ■ 

In  either  method,  Bf  will  be  obtained  in  termi  of  Bi  or  of  r,  without  appreci- 
able error.  The  speed  being  meaaured  in  secondi,  the  ezperimento  will  give 
the  abtolute  value  of  Bi  or  of  r. 

In  the  second  plan  a  differential  electro-dynamometer  is  used,  and  the 
apparatus  is  arranged  as  shown  in  Fig.  2. 

SOURCE 


Fio.  2. 

Between  the  points  of  derivation  A,  B  and  the  electro-dynamometer  are 
placed  the  resistances  and  two  identical  coils  0,  D,  one  of  which,  0,  Ib  the 
secondary  of  an  induction  coil,  of  which  the  primary,  £,  is  directly  in  circuit 
with  the  source. 

If  I  and  t  are  the  currents  in  the  derived  circuits  A  C  G  B  and  A  D  G  B 
respectively,  the  mean  deflection  of  the  differential  electro-dynamometer  can 
only  be  reduced  to  zero  for  equal  amplitudes  of  the  two  currents  I  and  t.  By 
means  of  the  resistances  this  can  be  effected  for  a  certain  speed. 

Let  B,  r,  L,  I  be  the  resistances  and  coefficients  of  self-induction  of  the 
two  circuits  A  C  G  B,  A  D  G  B,  and  M,  m  the  coefficients  of  induction  of  each 
of  them  with  reference  to  the  circuit  B  S  G  A  of  the  source,  while  K  is  their 
coefficient  of  mutual  induction,  then  we  arrive  at  the  equation 

B«  -  f«  -  ^  (L  -h  I  ^  2  N)  (I  +  2  m  ^  2  M  -.  L). 

This  equation  may  be  used  in  several  ways,  but  the  author  prefers  the 
following : — In  a  preliminary  experiment  the  two  terms  of  the  equation  above 
are  separately  reduced  to  zero.  The  spherical  bobbin  is  then  replaced  by  a 
iNtttery,  and  an  independent  current  is  passed  through  the  movable  coil  of  the 
electro-dynamometer.  The  resistances  and  the  ooefficients  of  induction  are 
BO  arranged  that  the  instrument  shows  no  deflection ;  then 

B-r;L  +  2M-Z^2m. 
The  second  equation  is  satisfied  if  the  two  derived  circuits  comprise  the  similar 
coils  0,  B,  the  coil  £  being  removed. 
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This  done,  the  connections  are  replaced  as  in  Fig.  2,  and  E  is  broafiit  ap 
to  C;  H  increases  by  Ma  A  fixed  resistance,  Bf.  is  added  to  ADB,and  the 
speed  of  rotation  of  the  magnet  is  adjusted  so  that  the  electro-dynamometer 
shows  no  deflection.    We  shall  then  hare 

Ei-(Bo  +  B)«-'^(L  +  l-2N)2Ma 

and  the  experiments  will  give  B«  in  terms  of  Mo  and  T. 

Instead  of  proceeding  by  a  method  of  comparison,  three  separate  expert. 
ments  may  be  made,  with  the  same  speed  of  the  magnet^  with  three  different 
sets  of  values  B,  B',  B',  and  L,  L',  and  I/,  when  the  three  corresponding 
equations  reduce  to 

B'«  —  B«  +  ^  (L'  —  L)«        B'i  —  B«  +  ^(L'  —  L)« 

i7":irE "   1/-L. 

The  author  concludes  by  drawing  attention  to  the  fact  that  his  is  a  null 
method,  and  therefore  capable  of  great  precision,  and  proposes  in  a  second 
paper  to  give  some  particulars  of  the  experiments  now  in  progress. 


A.  FOTXB»— THE  EFFICIENCY  OF  A  SYSTEM  OF  TWO  DYNAMO 

MACHINES. 

(Joumai  de  Phytique,  T.  IL,  No.  16,  Avrtl,  1888,  pp.  172, 178.) 

The  author  refers  to  the  well-known  formulas, 

E  (E  ^  a)           a  (E  —  d)            E  —  « 
T g ,  t  -  g ,  1 g-, 

which,  when  the  current  traversing  a  S3r8tem  of  two  dynamos  can  be  con- 
sidered constant,  determine  the  power  (T)  put  into,  and  the  power  (t)  taken  oat 

of  the  system.  The  ratio  Vt  "  '/E  *  K  is  the  theoretical  efficiency  of  the 
system«-an  efficiency  which  in  practice  differs  from  the  real  efficiency  the 
more  the  speeds  increase.  Keeping  to  this  theoretical  efficiency,  and  replacing 
<  by  K  T  in  the  above  formulae,  we  have 

from  which  it  follows  that  if  the  power  to  be  transmitted  and  the  efficiency 
are  given,  the  electro-motive  forces  of  the  two  machines  can  be  determined,  and 
are  proportional  to  the  square  root  of  the  total  resistanoe  of  the  circuit  and 
of  the  power  transmitted.  If,  for  example,  i  -  8*6  HJP.,  B  -  300  ohms,  taking 
g  1-  10  as  an  approximation,  then 


e 


-  ^V  iITk  ^^^^'  and  E  -  900  /y^^^    •  volts. 


say,  900  volts  and  1300  volts,  if  an  efficiency  of  0*5  is  enough,  or  1^00  volts  and 
2,260  volts  for  the  theoretical  efficiency  of  0*8. 

If  practical  considerations  limit  the  electro-motive  force  which  can  be 

used,  then  only  the  product  B  i  must  not  exceed  the  limit }  £> ;  for  example, 

if  £  must  not  exceed  2,000  volts  and  B  is  still  800  ohms,  i  would  not  exeoed 

44  H.P.,  and  the  theoretical  efficiency,  |,  would  be  all  that  could  be  obtained. 
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O.  POLOHZ— PEBMANENT  MAGNETISM  OF  STEEI/  AT  YABYIKa 

TEMPEBATUBES. 

(Joumdl  de  Phy9iqu»y  T.  I/.,  No,  16,  Ami,  1888,  pp.  180-182.    Taken  from  B§ale 

Aeeadmnia  dei  LiUc^  1882.) 

The  method  of  research  was  that  which  has  heen  employed  hy  Van  Bees, 
and  consists  in  placing  the  har  to  he  experimented  upon  in  a  solenoid,  and 
measuring  the  current  induced  in  it  when  the  bar  is  suddenly  withdra¥m  to  a 
practically  infinite  distance. 

The  bar  was  heated  by  means  of  a  circular  oil-bath,  and  rested  on  a  plate 
which  could  be  raised  or  lowered  so  as  to  bring  more  or  less  of  the  bar  inside 
the  solenoid,  which  was  fixed. 

The  bar  is  rapidly  withdrawn  by  means  of  cords  and  pullies,  and  the  value 

of  th^  induced  current  gives  the  quantity  /  m  .  .d^,  in  which  d«  is  an  infini- 

0 

tesimal  length  of  the  bar,  m  is  the  quantity  of  magnetism  in  the  corresponding 
section,  and  0  is  the  distance  from  the  solenoid  to  the  lower  end  of  the  bar  in 
its  initial  position. 

Assuming  that  m  may  be  expressed  by  Blot's  formula, 

where  I  is  the  length  of  the  bar  and  a  and  h  are  constants,  we  shall  have 

X 

M  -  /^  .d»-A{l  +  K"'-K"*^K-^'-*>} 

log.K 
The  experiments  agree  very  well  with  the  formula,  and  the  author  has 
found— 

1.  The  general  course  of  the  phenomena  is  similar  for  all  the  bars 
experimented  on.  Blight  variations  in  the  magnetism  occur  up  to  180^,  they 
then  rapidly  increase,  attaining  a  maximum  at  about  190°. 

2.  The  distribution  of  the  magnetism  for  temperatures  from  0°  to  180^  is 
very  well  represented  by  the  formula  given  above.  A  diminishes  with  increas- 
ing temperature,  while  K  remains  practically  constant.  Above  ld0?i  however^ 
the  phenomena  are  somewhat  anomalous.  Two  bars  of  steel,  which  had  been 
heated  and  cooled  several  times  under  the  influence  of  the  earth's  magnetism 
before  being  magnetised,  obeyed  the  same  law  at  all  temperatures :  the  neutral 
line  always  remained  at  the  middle  of  the  bar.  On  the  other  hand,  with  four 
bars  magnetiied  before  being  exposed  to  any  heat,  and  then  heated  with  the 
north  pole  downwards,  the  neutral  line  approached  the  north  pole  when  1808 
were  exceeded,  the  displacement  amounting  to  as  much  as  |  of  the  bar ;  but  K 
remained  generally  constant.  If  the  bars  are  then  heated  with  the  south  pole 
downwards,  the  neutral  line  still  approaches  the  north  pol^  and  K  varies  in 
value  from  one  temperature  to  another. 

8.  Bo  long  as  the  temperature  of  180H  is  not  exceeded,  the  values  of  M 
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correfponding  to  the  nonnal  state  for  each  temperature  are  represented  hj  a 
Ainction  of  the  form 

M  -  H«  +  ai  +  6<s. 
For  the  normal  conditions  corresponding  to  the  temperature  800^«  two 
formulsB  must  he  used, 

M-]fo-t(a4.&o«) 

Ml  -  Ml  +  (300  -  t)  |ai  +  M  c  («»-  ^j. , 

the  former  from  0^  to  190^,  and  the  second  from  190^  to  800^. 

The  author  has  supposed  that  the  variation  in  the  magnetism  due  to  the 

temperature  was  proportional  to  the  variation  in  the  conductivity  of  the 

.  steeL    Thus  the  ratios  of  the  normal  magnetism  and  of  the  conductivity  at 

80^  to  the  same  quantities  at  higher  temperatures 

100"  160» 

Magnetism        ...        1*08        1*11 
Conductivity    ...        I*i5        1-78 


180* 

soo« 

soo» 

116 

2-00 

8*69 

1-90 

8-01 

2-67 

JOUBSBT— NOTE    ON    THE  THEOBY  OF  ELECTBO-MAGNETIO 

MACHINES. 

(ComptM  Bindui,  T.  96,  No.  10,  Mcureh  6, 1888,  i>p.  641,  642.) 

The  experiments  made  hy  M.  Tresca  with  the  machines  of  M.  Deprez  have 
for  the  first  time  given  the  value  of  the  loss  of  power  in  the  machine,  other 
than  that  accounted  for  hy  Joule's  law. 

All  continuous  current  machines  are  made  up  of  a  certain  numher  of 
elements,  such  as  the  convolutions  in  the  Gramme  ring,  which,  when  the 
machine  is  used  as  a  motor,  pass  firom  a  position  where  the  potential  energy  has 
a  mft"^^"™  value,  Wo,  to  an  opposite  position  of  minimum  value,  Wi.  The 
difference,  W^  ^  Wi,  represents  the  electro-magnetic  work  done  hy  the  convolu- 
tion in  passing  from  the  first  position  to  the  second.  In  order  that  the  motion 
may  he  continuous,  the  direction  of  the  cuirent  in  the  convolution  must  he 
reversed,  i.e.,  the  electrical  energy  which  it  possesses  must  he  destroyed,  and 
the  original  energy.  Wo,  must  he  restored  to  it.  This  operation  occurs  twice  fbr 
each  convolution  in  every  revolution.    Leaving  out  the  work  done  in  the 

resistance,  the  return  is  therefore  — ^-^ 

It  is  easy  to  calculate  the  lower  limit  of  the  electrical  energy  thus  lost  at 
each  half  revolution,  and  which,  at  least  in  part,  shows  itself  in  the  form  of 
sparks.  If  Ii  stands  for  the  current-strength  at  the  moment  when  it  is  destroyed 
in  the  winding,  and  I  is  the  coefficient  of  self-induction  of  the  winding,  the 

loss  will  he  equal  to  — ^.    If  the  ring  is  made  up  of  p  convolutions,  and  if  it 

makes  n  revolutions  per  second,  the  loss  per  unit  of  time  will  he  as  a  minimum 
value, « j>  1 1{  or  11 L  Ij,  if  L  is  the  coefficient  of  self-induction  of  the  whole 
ring. 
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SBFBBZ— NEW  EQUATIONS  IN  OONNECTION  WITH 
THE  TBANBMI8SI0N  OF  POWEB. 

(CompteB  Btndui,  T.  96,  No.  IS,  Mwreh  19, 1883,  pp.  777-779.) 

The  author  was  deiirout  of  expressing  the  laws  of  the  electrical  trans- 
mission of  power  hy  means  of  equations  which  should  contain  only  mechanical 
quantities.  These  equations  are,  however,  only  true  on  the  hypothesis  that  the 
machines  are  mechanically  and  electrically  perfect^ — that  is  to  say,  that  they 
are  free  from  friction  and  irregularities, — and  that  they  are  made  up  of  an 
infinitely  great  number  of  infinitely  small  sections,  whilst  the  helix  contains 
no  masses  of  metal  which  could  give  rise  to  Foucault  currents. 
On  this  hypothesis,  let 

Fo  he  the  tangential  force  (in  kilogrammes)  applied  to  the  generator 
at  a  distance  |«-  &om  the  axis  (which  corresponds  to  a  circum- 
ference of  one  metre) ; 
Y«^  the  velocity  in  metres  per  second  of  the  point  of  application  of  the 

force; 
/«,  a  coefficient  depending  on  the  construction  of  the  machine; 
F],  Yi,  fi^  the  corresponding  quantities  for  the  motor; 
Ii,  the  current  strength ; 
Bi,  the  total  resistance  of  the  circuit,  including  hoth  machines. 

The  magnetic  fields  of  both  machines  being  saturated,  we  shall  have 

Fi  -/,I;    Fo-Zol, 

and  smce  I  »  7~ 

/i 

The  mechanical  work  absorbed  in  unit  of  time  by  the  generator  is  equal 
to  F^ V<^  or  to  Vof  F,. 

The  work  lost  in  the  circuit  in  the  form  of  heat  is  equal  to  -—  or  to 

B  /F  V 

~i\  7^  )  $  wid  has  to  be  deducted  from  the  work  absorbed  by  the  generator, 

and  there  then  remains  for  the  useful  work  given  out  by  the  motor. 
Finally,  the  return  will  be 


.  '■  ^4  -  7  m'  _  ■ 


^   _     B  F| 

In  the  above  equations  the  work  absorbed,  the  work  given  out,  and  the 
return,  all  are  expressed  as  functions  of  the  speed  of  the  generator  (Yo )  and 
of  the  load  on  the  motor  (Fi ) ;  the  only  electrical  quantity  being  the  total 
resistance  of  the  circuit  (B). 
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J.  1C08BB.— TH£  TBANSailSSIOK  OF  POWEB  BY  ELEGTBIOAIi 
APPABATUS  ABBANGED  AS  BATTEBIEa 

(Ccmptei  Rendm,  T.  96,  No.  10,  Ma^eh  19,  l88S,pp.  779-781) 

The  author  proposes  to  apply  the  same  method  to  the  transmiBsion  of 
power  as  he  has  done  to  the  transmission  of  sound  hy  telephones,  by  arranging 
the  sending  and  receiving  apparatus  partly  in  series  and  partly  parallal. 
With  a  given  conductor,  if  the  current  traversing  it  remains  constant^  the 
loss  of  energy  in  the  conductor  will  also  remain  constant.  If  the  loss  in  the 
apparatus  can  also  be  kept  constant,  then  we  have  a  constant  total  loss ;  and 
by  increasing  the  work  given  out  by  the  motors,  the  ratio  of  the  energy  lost 
to  the  work  reclaimed  will  become  less  and  less. 

The  two  conditions — 1st,  constant  loss  in  the  conductor;  2nd,  constant 
loss  in  ihe  apparatus— may  be  realised  by  transmitting  the  energy  of  one 
electric  battery  to  another.  As  an  example,  consider  the  question  of 
accumulators.    Let  a  constant  current,  I,  traverse  one  accumulator.    The 

total  loss,  — — -  B   p     r^    ',  is  made  up  of  the  loss  in  the  conductor  and  the 

loss  in  the  apparatus.    Suppose  the  counter  E.M.F.  to  be  s  volts,  the  useful 

tfl  kff.m.  V 

work  will  be  —  -  V     °      ,  and  the  return  will  be^if — s-      With  four 

Q  sec,  y  +  jr 

accumulators  arranged  two  in  series  and  two  parallel,  we  double  the  EJLF. 

without  changing  the  resistance.    Consequently  the  current^  I,  being  always 

supposed  the  same,  the  useful  work  will  be  doubled. 

The  author  proposes  then  to  work  with  dynamo  machines  in  a  aimii^r 

manner,  using  a  high  difference  of  potential,  by  placing  several  machines  in 

series,  and  getting  rid  of  the  increased  resistance  of  the  machines  so  arranged 

by  placing  others  parallel. 


J.  VIOLLE^THE  BADIATION  OF  SILVEE  AT  THE  MOMENT 

OF  ITS  SOLIDIFICATION. 

{Comptea  Sendua,  T.  96,  No,  16,  April  9, 1888,  i)p.  1033-1036.) 

At  the  International  Congress  of  Electricians  in  1881,  the  author  proposed 
the  radiation  emitted  by  one  square  centimetre  of  melting  platinum  as  a 
standard  for  photometric  measures,  and  he  has  since  made  some  experiments 
on  the  subject,  using,  however,  silver  in  place  of  platinum. 

A  vessel  of  molten  silver  was  placed  under  a  thermopile,  joined  up  to  a 
mirror  galvanometer.  The  radiations  from  the  surface  of  the  silver  feU 
perpendicularly  on  the  face  of  the  thermopile  through  a  hole  one  square 
centimetre  in  size,  made  in  a  hollow  screen  through  which  circulated  a 
current  of  cold  water.  On  allowing  the  silver,  heated  above  its  melting 
point,  to  cool  down,  the  following  observations  were  made :— > 

The  radiation  at  first  decreases  more  or  less  rapidly  according  to  the  nhxpt 
of  the  containing  vessel;  this  decrease  then  becomes  less  rapid,  and  at  the 
instant  of  solidification  at  the  sides  of  the  vessel  a  slight  increase  occocs.    Ai 
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the  flolfdifloation  adyances  loom  the  edge9  to  tl^  centre,  an  inerea9^  opoori^ 
soon  followed  by  a  rapid  decrease.  The  course  of  the  phenomenon  is  essenti^y 
the  same,  whether  the  metal  cools  slowly  or  rapidly.  The  carve  plotted  from 
the  readings  of  the  galvanometer  shows  a  portion  which  is  very  nearly  a 
straight  line,  preceded  and  followed  by  a  slight  rise  in  the  curve.  This  con- 
stant portion  is  clearly  defined,  and  the  author,  therefore,  is  of  opinion  that 
in  silver  a  fixed  secondary  standard  might  be  found. 


J.  FBdLZCK— BETE&MINATION  OF  THE  OHM  BY  AN 
ELEOTBO-DYNAMIO  METHOD. 


(AnndUn  dm-  Physik  und  Chemie,  B.  XIX.,  H.  1,  No,  6, 1888,  fp.  106-130.) 

Up  to  the  present^  all  methods  for  the  determination  of  the  ohm  which 
have  led  to  fairly  accurate  results  depended  on  the  measurement  of  induced 
currents  in  closed  conductors.  Moreover,  the 
measures  in  all  cases  were  galvanometric :  thus 
KirchhofF,  Bowland,  and  W.  Weber  measured  the 
repulsive  action  of  the  induced  current  on  a 
galvanometer  needle.  W.  Weber  also  used  the 
damping  of  the  swing  of  a  magnet  by  an  induced 
current;  and  the  British  Association  Committee 
and  Lorenz  dealt  with  the  deflection  of  a  needle 
by  a  constant  current. 

The  author  investigates  mathematically  the 
possibility  of  determining  the  standard  of  resist- 
ance also,  by  means  of  the  electro-dynamic  action 
of  the  inducing  and  induced  currents.  This  part 
of  the  paper  is  unsuited  for  an  abstract,  but  some 
of  the  actual  observations  may  find  a  place.  The 
diagram  shows  the  general  arrangement  of  the 
apparatus. 

Bi  if  the  fixed  coil,  and  Bt  the  movable  one. 
If  d  is  joined  to  e,  by  closing  the  key  at  e  we  shall 
have  a  continuous  closed  circuit,  a  m  h  c  d  ef  a, 
the  resistance  of  which  is  r,  and  its  coefficient  of 
induction   L.      Let    the    stationary   current   be 


Ii- 


E 


Kow  close  the  key  at  h^  then  there  is  a 


second  circuit,  deghnd,  with  *  a  resistance  r  j,  the 
part  de,  common  to  the  two  currents,  being 
no^UigiUe.     Now  adjust  n  with  respect  to  Ei  so 

E       E 

that  Ii  —  — >»  — i,  which  can  always  be  done. 
'  r       r^  '       • 

Kow  break  contact  at  e,  and  we  shall  have  a  closed 
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circuit,  amhtdnhg^fa,  with  a  resistance  r  +  ri,  in  whioh  the  EJCF. 
E  -I-  El  acts,  and  in  which  the  current  will  be 

r  +  fi  *• 

therefore  the  same  as  before. 

Now  choose  two  points,  m  n,  such  that  the  resistance  of  the  portion 
mh§dn  equals  r,  and  join  them  by  a  conductor,  m  j)  n,  of  negligible  resistance. 
Then  in  the  circuit  mhcdn  p  m,  at  the  moment  of  cutting  out  the  EJLF.'s 
£  +  El,  the  current  Ii  is  produced ;  its  resistance  is  r,  and  its  coefficient  of 
induction  equal  to  L. 

The  course  of  an  obseryation  will  therefore  be— 

1.  Hake  contact  with  the  key  e.    An  induced  current  is  set  up. 

2.  Make  contact  with  key  h. 
8.  Belease  key  «.    No  spark. 

4.  Join  m  and  n  by  key  p.    Induced  current  is  set  up. 

5.  Belease  key  h.    A  spark  is  produced,  but  outside  the  circuit  mhtd 

npm, 

6.  Belease  key  p.   No  spark,  no  current.   Then  repeat  the  aboye  steps. 
In  the  actual  experiments  the  two  coils  Bi  and  Bt  were  similar;  the  coil 

Bf  was  fixed  to  a  horizontal  arm,  and  attached  to  the  bifilar  suspension  in  the 
points  00,  being  counterbalanced  by  the  weight  Q.  The  plane  of  the  coil  was 
at  right  angles  to  the  magnetic  meridian,  and  the  plane  of  the  suspension 
wires,  which  were  of  copper,  was  in  the  magnetic  meridian.  The  coil  Bi  was 
fixed  parallel  to  and  concentric  with  the  movable  coil  Bs.  Each  coil  had  84 
layers  of  insulated  copper  wire  0*88  mm.  thick,  and  had  respectively  1,056  and 
1,068  convolutions ;  the  resistance  of  each  was  116  ohms.  The  mean  diameter 
(B)  of  each  coil  was  6*2  cm.  The  distance  of  the  axis  of  rotation  from  the 
centre  of  the  movable  coil  (I)  was  6*8  cm.,  the  time  of  oscillation  (T)  16<0t 
seconds,  and  its  moment  of  inertia  (K)  48,600  g.  (cm.)** 
These  values  substituted  in  the  equation 

T  8M      I* 

give  O-  8*267  ^^^  *  l\  (amp^)  •  jL 

The  experiments  made  were  merely  to  see  if  the  method  were  practicable, 
and  the  author,  being  satisfied  on  this  pointy  proposes  to  carry  out  an  extended 
series  of  observations. 


r.    Z0KUULU8CK— HEASUBEMENT    OF    DIFFEBENOEB    IK    THE 
EABTH'B  HOBIZONTAIi  FOBCE  AT  DIFFEBENT  PLAGES. 

{Annaien  d$r  Phytih  und  Chwiie,  B.  XIX.,  E,  1,  No.  5, 1888»  pp.  18048.) 

Observations  by  means  of  the  oscillations  of  a  magnet  are  open  to  the 
objection  that  they  take  a  long  time  to  make,  and  that  in  order  to  obtain  a 
result  within  ^^  the  ratio  of  the  oscillations  must  be  correct  within  ^^J^ 
Moreover,  it  is  difficult  to  eliminate  the  effects  of  change  of  temperature  with 
the  large  needles  which  must  be  used. 
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The  aathor  oonsiden  the  method  of  defiectioni  as  better  suited  to  the 
purpose,  and  he  has  proposed  a  modified  instnunent  which  he  calls  a  <*  oniyersal 
magnetometer/'  since  it  can  be  used  as  an  ordinaiy  magnetometer  as  well  as 
for  measuring  variations  in  the  earth's  force  at  the  same  place  at  different 
times  and  variations  in  different  places.  The  instmment  has  been  described 
previoosly  {AnnaXen  15,  p.  545, 1882)  and  consists  of  a  pillar  on  three  feet  with 
levelling  screws,  which  carries  a  horizontal  divided  circle  famished  with  foor 
arms,  on  which  the  deflecting  magnets  can  be  placed.  The  pillar  also  carries 
a  long  arm,  to  which  is  fixed  the  telescope  and  scale.  On  the  top  of  the  pillar 
is  a  metal  damping  ring  carrying  a  tube  with  torsion  head,  from  which  is 
suspended  .the  magnet.  To  use  the  instrument,  it  is  set  up  with  the  axis  of  the 
damping  coil  in  a  direction  north  and  south,  and,  having  been  levelled,  the 
frame  carrying  the  four  deflection  magnets  is  brought  into  such  a  position  that 
the  north  pole  of  the  magnet  points  to  the  east.  This  position  is  then  marked. 
The  frame  is  then  turned  round  until  the  north  pole  points  west  •  this  is  effected 
by  making  the  magnet  with  two  polished  surfjEU^es  on  opposite  sides ;  on  turning 
the  frame  with  the  deflecting  magnets,  the  second  mirror  is  seen  through  the 
telescope  in  the  same  position  as  was  before  occupied  by  the  first  mirror.  This 
second  position  of  the  frame  is  also  marked.  The  frame  can  now  be  placed  in 
any  intermediate  position,  and  so  long  as  the  earth's  force  remains  the  same 
the  scale  reading  will  always  show  the  same  deflection.  To  carry  out  a  com. 
parison  the  following  steps  are  necessary : — The  magnetometer  is  set  up  as 
described  at  the  one  place  of  observation,  and  the  fhime  is  brought  to  the  first 
mark ;  the  position  of  the  needle  is  now  read  on  the  scale ;  the  horizontal  circle 
or  frame  is  now  turned  round  to  the  second  mark,  and  the  position  again  read. 
This  will  show  a  difference  of  n'  divisions  with  the  first.  The  same  operations 
are  repeated  at  the  second  place,  and  n  divisions  are  found  for  the  difference. 

If  2  ^  is  the  angle  through  which  the  horizontal  circle  is  rotated,  A  the 

distance  from  mirror  to  scale  in  one  instance,  and  Ai  the  distance  in  the  other, 

v^e  shall  have, 

HI        .       tan.  A 


(^--i) 


H>  -  H      tan.  * 
or  -^ 5^ 


if  A  —  Ai,  or  the  distance  from  the  mirror  to  the  scale  is  made  the  same  in  both 
series  of  observations 

H^  '  H         ton.  » 

H        "      4  A       (**   "  •*) 

It  is  necessary  to  correct  the  values  found  from  the  above  equation  for 

changes  of  temperature,  which  affect  the  magnetism  of  the  needle.    To  do  so 

we  have  to  add  a  term,  so  that  the  complete  expression  will  be 

HI  —  H         tan.  a 

J-A      <**'  -  n)  +  M  («  -  «>) 


The  coefficient  ^  may  be  determined  experimentaUy  by  making  two  observa- 
tions at  the  same  place,  with  the  room  at  two  different  temperatures. 

H^ 

The  following  table  shows  the  ratio  -=•  for  two  positions  in   the 
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Obflervatory  of  the  Physical  Inititote,  aft  WorzhUrg,  t>ne  bein^in  the  middle 

of  the  Imilding  imd  the  other  near  the  briek  ^vall.    In  these  ezperimeiite 

tan»  A 
^  —  85*8^,  A  —  tm.,  so  that  •  .  >^  —  0*(H)0089. 


Oct.  7.    n   -  4&7  -  51*0 48-8)  Hi 

«l  -  52-3      82-2>   IT   "  ^"^^^^ 

Oct.  8.    n   -  82-1  -  88-0  -  88-8  ...  88-0>  Hi 

ra  -  85-8  -  870 88-l|  "H   "  ^'^^^^^^ 

Oct.  9.    n  -  29-8  —  80-9 8(hl>  Hi 

ni  -  82-0       82-0)   ^  "  1-00017 


K.  VZSBOBBT— MEA8XJBEMENT  OF  THE  DECREASE  OF  80nin> 

IN  THE  TELEPHONE. 

(AnnaXen  d$r  Phy$ik  und  Chemi;  B.  XIX,  H  I,  No.  6, 1888,  pp.  207-218.) 

Two  of  Siemens  and  Halske*s  telephones,  of  the  latest  pattern,  were  placed 
in  two  rooms  so  far  apart  that  no  direct  sound  was  transmitted,  and  were 
connected  np  in  simple  circuit.  The  first  telephone  was  placed  8  cm.  above 
a  tin  plate  222  mm.  by  172  mm.  and  8*2  mm.  thick,  lying  on  a  table.  The 
second  telephone  was  fixed  in  a  stand. 

While  the  experimenter  listened  at  the  second  telephone,  taking  care 
that  his  ear  did  not  touch  it,  an  assistant  let  fall  lead  bullets  fh>m  varying 
heights  on  to  the  tin  plate  below  the  first  telephone.  The  source  of  sound 
was  thus  the  shock  of  the  bullet  on  the  tin  plate.  Starting  with  a  heavy 
bullet  and  a  c(msiderabls  fall,  the  assistant  gradually  decreased  both,  as 
directed  through  the  telephones  by  the  experimenter  at  the  other  end,  until 
a  sound  was  produced  under  the  first  telephone  which  was  only  just  audible 
in  the  second.  The  experimenter  now  placed  his  ear  at  the  same  distance, 
8  cm.  above  the  tin  plate,  as  was  before  occupied  by  the  first  telephone,  and  the 
assistant  again  let  fall  bullets  from  various  heights  until  a  point  was  reached 
at  which  the  sound,  heard  thus  directly,  was  only  just  audible.  If  we  call  the 
former  sound  Bh  and  the  second  8,  the  loss  of^sound  by  transmission  will  be 

81  -8. 

In  an  experiment  tried  at  night,  when  all  was  quite  still,  a  sound  was  just 
heard  in  the  second  telephone,  when  a  bullet  weighing  1642  mg.  was  let  fall  from 
a  height  of  7  mm.  on  to  the  tin  plate.  The  strength  of  the  sound  was  then 
calculated  to  be  Si  -  1549  X  7<>^  -  5176  mg.  mm. 

When  listening  directly  a  sound  was  just  heard,  when  a  bullet  weighing 
2-4  mg.  was  let  fall  from  a  height  of  12  mm.    Hence  8  -  2<4  X  12<^  -  8-95. 

Hence  when  expressed  in  units  of  sound  of  the  tin  plate,  which  weighed 
2406  g.,  the  loss  of  sound  was  5,176  -  8*95  -  5,167*1.  It  should  be  added  that  the 
exponent  of  the  height  of  the  fall  was  found  by  Oberbeck's  method.    Two 

p 

lead  bullets  respectively  2,078  mg.  and  888  "mg.,  hence   —   «  2-884^  gave  the 

coefficient  0-6196,  or  in  round  numbers  0*62  in  th6  one  case ;  and  two  ether 

P 
bullets  respectively  17*5  mg.  and  8*75  mg.,  ~  *  2,  gave  0*52^  or  nearly  0*68. 
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Z.  SBLXnrB— B£6l!ABdHEB  ON  THE  CHANGES  OF  TEMPEBATUBE 
AT  THE  ELECTB0DE8  OE  A  VOLTAMETER  WHEN  A  OUBBENT 
PASSES. 

{Awntden  der  FhyHk  und  CliemU,  B.  XIX.,  H,  2,  Nc,  6, 1888,  jRp.  287-299.) 

In  the  year  1869  the  author  propounded  the  following  law : — ^If  a  current 
traTenee  a  battery  in  the  lame  direction  as  that  produced  by  the  batteiy 
itaelf ,  a  quantity  of  heat  disappears  which  is  proportional  to  the  product  of  the 
EJff.F.  by  the  current;  if  the  current  flows  in  the  opposite  direction,  a  quan- 
tity of  heat  is  deyeloped  also  proportional  to  the  same  product.  When  in  a 
closed  circuit  a  current  is  produced  by  one  or  several  EJi.F.,  these  forces 
consume  a  quantity  of  heat  which  is  equal  to  the  total  heat  produced  by  the 
current  circulating  through  the  resistance  of  the  whole  circuit.  The  whole 
quantity  of  heat  generated  by  the  current  is  therefore  nil,  since  the  quantity 
•produced  by  the  passage  of  the  current  is  equal  to  that  absorbed  by  the  E.M.F. 

The  subject  having  been  investigated  by  Braun,  Thomsen,  Hoorweg;  and 
others,  the  author  undertook  a  series  of  experiments  by  which  he  was  able  to 
determine  whether  the  quantity  of  heat  used  u^  by  the  E Jf  .F.  was  greater 
or  less  than  that  set  free  by  the  chemical  actions. 

The  electrolyte  was  contained  in  an  oblong  wooden  vessel  100  mm.  long, 
40  mm.  wide,  and  40  mm.  deep.  The  two  electrodes  just  fitted  inside  the  box, 
and  were  placed  close  up  to  the  ends.  The  box  was  carefully  levelled,  so  that 
the  liquid  might  have  everywhere  the  same  depth.  If  a  current,  i,  was  passed 
through  the  box,  a  quantity  of  heat,  gi^ ,  was  produced  in  the  liquid  owing  to  its 
resistance,  g  being  a  constant.  At  the  anode  a  salt  would  be  formed:  for 
instance,  with  a  solution  of  sulphate  of  copper  and  a  copper  plate,  sulphate  of 
copper,  and  a  quantity  of  heat  represented  by  h  t,  where  k  is  another  constant, 
would  be  produced.  But  the  anode  is  also  the  seat  of  an  E  JK.F.,  which,  since 
it  acts  in  the  same  direction  as  the  current^  requires  a  quantity  of  heat,  e  t , 
where  e  is  the  E.M.F.  At  the  kathode,  where,  say,  copper  is  deposited,  a 
quantity  of  heat  —  hiis  absorbed,  but  here  also  an  E3I.F.  is  set  up,  which 
acts  in  the  opposite  direction  to  the  current,  and  will  also  be  represented  by  « t . 
The  sum  of  all  the  heat  actions  at  the  anode  will  therefore  bey<3  +  ki  ^  §%, 
and  at  the  kathode  gi^  -^  ki  -^  ei. 

The  heat  was  measured  by  means  of  a  thermopile  constructed  of  iron  and 
German  silver,  coated  with  parafiOn  and  immersed  in  the  bath,  so  that  the 
junctions  were  in  close  proximity  to  the  electrodes.  The  current  was  derived 
trom  a  battery  of  5  Bunsen  cells,  and  the  thermopile  was  joined  up  to  a  mirror 
galvanometer. 

If  the  current  entered  at  the  electrode  A,  there  was  a  production  of  heat 
equal  togi^  +  ki  —  ei,  and  the  rise  of  temperature  measured  by  the  thermopile 
would  'be  f  {gi^  +  ki  ^  ei)f  where / is  a  constant.  At  the  other  electrode,  B, 
a  rise  of  temperature, /i  (g  <•  —  ki  +  et),  would  occur.  If  these  two  quantities 
are  not  equal,  the  galvanometer  would  show  a  deflection,  a,  which  would  be 
proportional  to  the  the  difference  between  them.    Hence 

a  -/(gt«  ^  ki^ei)  -  /iCgii^ki  +  «»> 
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On  reyersing  the  current,  a  defleotiony  h,  would  be  obtained,  such  that 
d-/i(yi«  +  i<  -  at) -/Cfif<» -*•  +  •<). 

Hence  kt  -  •»  -  .,?•*•  .^ 

When  the  sum  a  •»•  6  is  positive,  the  heat  produced  bj  the  chemieal 
actions  is  greater  than  that  consumed  by  the  EJ£.F.;  and  when  a  +  b  is 
negative,  the  reverse  is  the  case. 

The  results  obtained  may  be  conveniently  tabulated  as  under :— 


Bxpori- 

ment 

No. 

Eleotrodet. 

Bolutlon. 

Onmnt 

«(/  +  /») 

1 

Oopper 

Concentrated  sulphate  of  copper 

0O16 

+  8S^ 

2 

9* 

$»                                          M 

0-088 

+  74-7 

8 

Amal.  zinc. 

Concentrated  sulphate  of  zinc 

0O60 

+  28-45 

4 

Silver 

Concentrated  sulphate  of  silver 

0-004 

-    2-95 

5 

n 

»                                             99 

0O14 

-   9-U 

6 

f» 

Fresh  sulphate  of  silver 

OOOG 

-    6-67 

7a 

f» 

Dilute  nitrate  of  silver 

0-044 

-  18-76 

TJ 

» 

»»                >» 

0-028 

-   9-0 

8 

99 

Concentrated  nitrate  of  silver 

0-089 

-    6-89 

9 

Copper 

Concentrated  acetate  of  copper 

0-006 

+  11-9 

10 

Cadmium 

Concentrated  acetate  of  cadmium 

-0-016 

+  20-5 

11 

Lead 

Concentrated  acetate  of  lead 

0O18 

+    8-2 

12 

SUver 

Concentrated  acetate  of  silver 

0O28 

-    6-66 

A  glance  at  the  above  table  shows  at  once  that  the  E.M.F.  between  silver  and 
silver  salts  requires  more  heat  than  is  set  free  in  the  chemical  actio>ii8 
involved,  while  with  the  other  metals  the  reverse  is  the  case. 

The  first  three  experiments  are  of  interest  in  relation  to  the  action  of  the 
Daniell  cell.  The  E Jif  J",  of  this  cell,  which  corresponds  to  the  difference  of 
the  E.M.F.  between  zinc  in  zinc  sulphate  and  of  the  E.M.F.  of  copper  in  copper 
sulphate,  requires  just  the  same  quantity  of  heat  as  is  set  fi-ee  by  the  chemical 
actions.  Since,  according  to  experiments  1  and  2,  the  EJhLF.  between  oopper 
and  copper  sulphate  needs  a  less  qauntity  of  heat  than  is  jiroduced  by  the 
formation  of  the  copper  sulphate,  therefore  the  E.M.F.  between  zinc  and  zino 
sulphate  must  require  a  less  quantity  of  heat  than  is  produced  by  the  formation 
of  this  latter  salt ;  which  is  verified  by  experiment  No.  8. 


[—A  CALLAUD  CELL  WITH  VEBY  LOW  BE8I8TAKCE. 

(^BetblaOer,  T.  VII.,  No.  4,  p.  80G.) 

A  glass  vessel,  0-16  m.  wide  and  0-28  m.  high,  containing  5  litres,  is  provided 
at  the  bottom  with  a  tube  closed  by  a  cock,  into  which  a  glass  tube,  bent 
upwards.  Is  placed.    At  the  top  of  the  cell  is  a  brass  cross  resting  on  the  edge. 
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in  which  is  placed  a  spiral  ooil  of  thick  sheet  zinc  weighing  8  kg.  A  fonnel 
panes  thioogh  this  spiral.  On  the  hottom  of  the  cell  lies  a  copper  plate,  to 
the  centre  of  which  is  attached  a  copper  wire  passing  up  through  an  inyerted 
lamp  chimney  of  glass.  The  cell  is  filled  with  a  50  per  cent,  solution  of  pure 
crystallised  sulphate  of  zinc  •  in  the  lamp  chimney  are  placed  crystals  of 
sulphate  of  copper,  after  a  small  quantity  of  the  abore  solution  of  sulphate  of 
zinc  mixed  with  a  saturated  solution  of  sulphate  of  copper  has  been  poured  in. 
Small  strips  of  zinc  hanging  down  from  the  brass  cross  into  the  liquid  preyent 
the  deposition  of  copper  on  the  zinc  spiral.  The  resistance  of  the  cell  with  a 
60  per  cent,  solution  of  zinc  is  1-58  ohm. 

A  oertain  quantity  of  liquid  is  drawn  off  daily  into  two  flasks  filled  with 
granulated  zinc,  which  precipitates  the  copper,  and  the  liquid  can  then  be 
poured  back  into  the  cell  through  the  upper  funnel. 


ALTEBATION  IN  WEBEB'S  MAGNETOMETEB. 
{Beibim^r,  T.  711^  No.  4,  p.  810.) 

A  horizontal  rod  is  made  movable  on  a  vertical  pivot,  which  is  supported 
on  a  heavy  foot^  and  carries  a  horizontal  pulley  with  a  driving  band,  which  is 
made  concentric  with  the  pivot  by  a  screw.  The  graduated  circle  with  the 
needle  is  fixed  to  the  pulley  also  concentrically.  A  square  block  can  be  slid 
along  the  rod  and  clamped  in  any  position  by  a  set  screw.  This  block  carries 
the  vertical  axle  of  a  second  pulley  similar  to  the  former,  and  which  is  provided 
with  two  brass  clamps  for  holding  the  deflecting  magnet.  The  driving  band, 
which  passes  round  both  pulleys,  is  best  made  of  india-rubber,  so  as  to  allow  of 
stretching. 

Owing  to  this  arrangement,  if  the  rod  is  turned  round  its  axis,  the 
deflecting  magnet  is  turned  through  an  equal  angle,  and  consequently  always 
remains  parallel  to  its  original  position. 

e.  DB  LUOCHZ^THE  EFFECT  OF  MAGNETISATION  ON  THE 
OONDUCTiyiTY  OF  IBON  IN  THE  AXIAL  AND  TBANSYEBSE 
DIBEOTIONS. 

(Beibimer,  T.  VII^  No.  4,  p.  814) 

A  number  (6  to  28)  of  circular  iron  discs,  249  mm.  in  diameter  and  0*816 
mm.  thick,  were  superposed,  but  insulated  from  each  other.  The  corresponding 
extremities  of  the  diameters  of  the  discs  lying  over  each  other  were  each 
joined  by  an  iron  wire  40  cm.  long  and  0*8  mm.  diameter,  soldered  to  them,  so 
that  at  the  top  and  bottom  two  wires  remained  free.  The  same  arrangement 
was  made  with  the  second  set  of  diameters  at  right  angles  to  the  former.  The 
whole  apparatus  was  thoroughly  well  insulated,  and  covered  with  a  wooden 
box,  the  side  of  which  was  equal  to  the  diameter  of  the  discs.  From  the 
middle  points  of  the  sides  of  the  wooden  frame  two  strips  of  wood  projected  at 
right  angles,  to  which  the  iron  wires  were  fixed.  A  copper  wire  insulated 
with  india-rubber  was  coiled  round  the  whole  framework,  and  its  ends  were 
brought  into  mercury  cups.  The  winding  was  so  arranged  that  the^  discs 
wore  magnetised  axially  in  the  direction  of  one  diameter,  and  transversely  in 
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the  direction  of  the  second  diameter,  which  was  at  right  angles  to  the  formec 
The  resistances  of  the  discs  and  of  the  iron  wires  in  the  one  or  the  otfaar 
direction  were  measured  on  a  Wheatstone  bridge,  with  which  differences  of 
1^^  could  be  determined.  The  circuit  was  only  closed  for  an  instant^  and  inter- 
vals of  time  were  allowed  between  the  observations,  so  as  to  avoid  all  heatmg; 
According  to  these  experiments,  the  resistance  is  increased  bj  magnetiaa^ 
tion  in  an  axial  direction,  and  diminished  by  magnetisation  in  an  equatoiisJ  or 
transverse  direction,  as  had  been  already  shown  by  Beetz :  the  change  due  to 
the  magnetisation  is  about  ^i^. 

B.  DX8CKSB— MNEMONIC  BULE  FOB  THE  WHEATSTONE'B 

BBIDQE. 

(Elektrotdchnisehe  Zeitschrift,  T.  IF.,  H.  5,  Ifoi,  1883,  pp.  198, 199.) 
The  author  proposes  a  mnemonic  rule,  by  means  of  which  the  current  in 
any  of  the  six  arms  of  a  Wheatstone  bridge  can  be  written  down  at  once. 
The  following  figure  shows  the  diagram  proposed  as  basis  of  the  plan  :— 

F 


m 


The  equations  will  all  take  the  form  «  »  £  X  — »  where  m  will  vary  with 
each  equation^  but  the  denominator,  n,  will  be  common  to  all.  It  is  flnt 
necessary  to  find  n.  To  do  this,  form  all  possible  combinations  of  the  aix 
resistances,  r,  o^  b,  e,  d,/,  taken  three  together.    We  shall  have  ?   f '  ?  «  SO 


combinations,  vis., 

rah 
rae 


l*2-8 


tad 
raf 
rh4 
rhd 
thf 
red 
rcf 
rdf 


ah  e 
ahd 
ahf 
acd 
acf 
adf 


hcd 
he/ 
hdf 


edf 


Now  strike  out  those  terms  formed  by  three  resistances  which  have  one  of  the 
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four  pQintf  A,  G,  P»  F  of  the  fignre  as  common  meeting  point  (imdeilined  im 
above  list).  The  som  of  the  sixteen  remaining  prodacts  is  the  common  de- 
nominator, fi. 

In  order  to  And  the  numerator,  m,  for  any  branchy  draw  the  diagram, 
omitting  the  branch  containing  the  source  of  electricity  and  the  branch  the 
current  in  which  is  required.  With  the  remaining  resistances  form  all  possible 
combinations  taken  two  together,  and  strike  out  those  terms  formed  by  the  two 
resistances  which  hare  one  of  the  points  of  the  reduced  diagram  as  common 
meeting  point.  If  three  resistances  meet  in  a  point,  the  corresponding  terms 
are  not  to  be  struck  out. 

For  example,  suppose  we  require  to  find  the  value  of  %^  the  reduced 
diagram  will  have  the  form, 


4*8 
With  the  four  resistances,  hfC^d,/,  we  can  make  — ^-^  -  6  combinations,  viz., 

heflAfhffCdfef,  df. 
Of  these,  h  d  have  the  common  point  0,  (/  the  common  point  D;  omitting 
them,  therefore,  we  shaU  havea^  B  X    ^  '^  ^^  "^^^ -^  /  at  the  value  of 
the  current  in  the  branch  required.  ^ 

Bemark  that  in  i^  which  is  the  current  in  the  galvanometer  branch,  the 
difermtce  of  the  products  is  to  be  taken,  not  the  sum. 

Proceeding  as  in  the  above  example,  we  shall  obtain  the  six  equations, 

„      ai  +  acl  +  a/  +  &c  4-  b/  +  cd  +  c/  +  d/ 
i  -EX ^ 


H-BX 
<4-BX 


ab  •»<  cmI  +  •/  +  b/. 
-^— — — — ^— ^— ^— -  t 
n 

ah  +  af  -k-  he  -^hf 


_      ad  —  (c 

n-Bx— s — ' 

in  all  of  which 

n  -  rah  +  tad  +  f  */  +  rhp  +  thf  tf  red  +  re/  +  rdf  +  a^s  +  ah 

+  aed  +  aef  +  adj  +  bed  +  5  c/  +  hdf. 
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W.   SAXAWACK8— THE  ELEOTBO-MOTIYS  FOBGE,  SE8I8TANCE, 

AND  EPFICIENOY  OF  AOOUMULATOBS. 


^EUitroUchnuche  ZeiUch/rifi,  B.  IK,  H.  6,  Mai,  1888,  pp.  200-208.) 

The  experiments  were  carried  oat  with  the  lecoiidary  batteries  of 
Tommasi,  Brtfgaet^  and  Otto  Bcholze. 

The  Tommasi  cell  ii  made  ap  of  very  thin  lead  plates,  which  are  kept 
from  teaching  by  pieces  of  ebonite.  The  cell  is  "formed"  as  in  Plant^'s 
method.  Br^gaet's  cell  is  jost  like  an  original  Plants  cell,  being  made  ap  of 
two  plates  of  lead  kept  apart  by  strips  of  india-rabber,  and  then  rolled  ap 
spirally.  Two  forms  of  Schalze's  cell  were  ased.  In  the  first,  lead  plates  are 
placed  in  a  box,,  and  the  alternate  ones  are  connected  together.  The  formation 
is  aided  by  the  spreading  of  miniam  over  the  plates,  which  are  made  like  a 
gaofre,  so  as  to  retain  the  miniam  better.  The  second  form  of  cell  was  bailt 
up  of  80  plates,  which,  after  being  scratched,  were  covered  with  flowers  of 
snlphar  and  exposed  to  heat^  so  as  to  become  coated  with  a  layer  of  lead 
salphide. 

The  liqaid  in  all  cases  was  made  ap  of  ten  parts  water  to  one  part  of 
salpharic  acid. 

The  quantities  measured  both  daring  charge  and  discharge  were  the 
resistance  of  the  cell,  the  strength  of  the  current,  and  the  difference  of  potential 
at  the  terminals  of  the  closed  cell.  The  current  was  measured  by  means  of 
a  galvanometer  by  Sauerwald,  which  was  joined  up  in  a  shunt  circuit.  The 
readings  of  the  galvanometer  were  reduced  to  amperes  in  the  following  way : 
—The  current  from  a  Daniell  cell,  the  E.M.F.  of  which  had  previously  been 
determined  by  an  electrometer,  was  sent  through  the  main  circuit,  the  resist- 
ance of  which  being  known  the  current  could  readily  be  calculated.  The 
difference  of  potential  w^  measured  by  means  of  one  of  Mascart's  quadrant 
electrometers.  The  resistances  were  measured  on  a  Wheatstone  bridge,  using 
alternating  currents  and  a  telephone  in  place  of  a  galvanometer. 

The  E J)f .F.  was  calculated  from  the  formulas : 

E  »  El  —  I B  (charge), 

e  -  «i  +  t  r  -  t  (/  +  r)  (discharge), 

where  r  and  B  are  the  resistance  of  the  cell,  and  /  that  of  the  outer  circuit. 
From  the  observations  on  the  E.M.F.,  it  was  found  that  this  was  dependent  on 
the  current.  If  we  call  a  current  positive  which  charges  the  cell,  and  negative 
when  it  discharges,  so  that  the  open  cell  corresponds  to  no  current^  then  in 
passing  from  positive  values  through  zero  to  negative  values,  the  EJtf.F. 
decreases.  The  stronger  the  discharge  current,  the  more  rapidly  does  the 
E.M.F.  f^  off.  With  a  cell  as  completely  discharged  as  possible,  the  E.M.P  is 
about  0*4  to  0^5  volts,  but  this  almost  at  once  increases  on  charging  to  2  to  2-4 
volts.  If  the  charging  current  decreases  towards  the  end,  the  E  JU*.  may 
decrease  also.  On  commencing  the  discharge^  the  E  JIF.  will  be  about  2  volta^ 
and  this  will  at  first  fall  very  slowly,  and  then  more  rapidly.  The  amount  of 
E.M.F.  varies  also  with  the  use  which  has  been  made  of  the  cell. 
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The  internal  resistance  of  the  cell  on  charging  decreases  very  laddenlj  to 
a  certain  value,  at  which  it  remains  constant  for  the  remaining  time  of  charge. 
On  discharging  the  cell,  the  resistance  at  first  remains  at  this  constant  value, 
and  then  regularly  increases. 

When  a  cell  is  heing  charged,  an  amount  of  work  is  heing  expended  bj  the 
source  of  electricity,  which  is  represented  by 

L  -/lE»dT  -/lEdT  +/l»RdT«L,  +  L„, 

where  Ii«  is  the  electrolytic  work,  and  L^  the  heat  produced  in  the  cell  acoord« 
iog  to  Joule's  law.  On  discharging  through  an  external  resistance,  •,  we  shall 
have 

where  !«  is  the  work  done  in  the  outer  circuit,  and  l^  the  heating  effect. 
Then  the  efficiency  N  i«  j-~ 

The  efficiency,  N,  increases  usually  with  the  use  of  the  cell.  The  maximum 
efficiency  is  apparently  obtained  when  the  charging  current  is  between  4  and 
11  amperes.  So  far  as  the  author  has  experimented,  he  finds  that  the  duration 
of  the  charge  has  very  little  effect  on  the  efficiency.  The  efficiency  seems  to 
be  quite  independent  of  the  external  resistance  during  discharge.  The  highest 
efficiency  obtained  by  the  author  in  his  experiments  was  N  «»  0*5.  This  was 
obtained  with  the  one  of  Schulze's  cells  in  which  the  plates  had  been  coated 
with  minium :  the  cell  had  been  charged  with  a  current  of  8*8  amperes  during 
4  hours,  and  was  then  discharged  through  0*5  ohm. 

The  ratio,  ^ ,  %,e,,  the  heat  developed  on  charging,  to  the  total  energy  spent 

in  charging  is  greater  for  a  rapid  charge  than  for  a  lengthened  one.    Again« 

1% 

'j'  is  especially  large  for  very  strong  and  for  very  weak  currents.    It  is  least 

I 

for  those  values  of  I  for  which  K  is  greatest     The  ratio,  -^ ,  i^.,  the  heat 

developed  on  discharging,  to  the  work  done  in  the  outer  circuit  is  nearly  in- 
versly  proportional  to  •,  the  external  resistance. 

The  greatest  amount  of  work  was  given  by  Schulze's  minium  cell,  viz., 
175,000  volt-ampere-seconds  ««  18,000  kgm.  The  weight  of  the  cell  was  8*1  kg., 
of  which  6  kg.  were  lead ;  hence  the  cell  gave  about  8,000  kgm.  per  kg.  of  lead. 
This  cell,  during  the  experiments,  gave  out  in  all  about  1*2  million  kgm.  of 
work,  which  would  correspond  to  a  daily  charge  and  discharge  for  a  month  { 
before  this,  however,  it  had  been  daily  used  for  lighting  purposes  during  two 
months,  so  that  on  the  whole  it  lasted  three  months  of  daily  use. 

The  following  table  exhibits  some  of  the  results  obtained :«- 
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0-405 

JAUZN  and  XAVStnrBZS&— THE  ELEOTBIG  LIGHT  IN  AH 
ATMOSPHEBE  OF  OABBON  BI8X7LPHIDE. 

(EleMrotechnUehe  ZeiUehrifk,  B.  IV.,  H.  6,  Mai,  1888,  p.  281.) 

The  authors  used  two  carbons  at  right  angles  to  each  other^  which  could 
be  readily  moved  from  or  to  each  other.  If  a  yacuum  is  produced  in  the 
vessel,  so  that  there  is  no  longer  any  arc,  but  only  a  slight  glow,  and  then  a 


ABBTAAOTS. 


4i6 


Uw  drops  of  oarTx>n  bisulphide  are  introduced,  sufficient  to  increase  the 
prestare  by  about  0*06  m.,  the  arc  can  be  again  established,  and  is  then  of  an 
unbearable  brilliancy.  Observied  through  a  dark  glass,  the  arc  appears  in  the 
tona  of  a  horse-shoe  about  0*05  m.  high,  surrounded  by  a  long  flame,  which 
breaJLS  into  points  above.  The  cart)on  points  are.red  hot,  but  the  light  from 
the  arc  is  bluish-green,  such  as  the  flame  given  by  copper.  The  intensity  of 
the  light  increases  with  the  pressure  in  the  vessel;  but  as  the  resistance 
increases  at  the  same  time,  the  light  goes  out^  but  can  be  reproduced  by 
making  the  carbons  touch.  The  spectrum  of  the  light  shows  four  bands,  in 
the  red,  yellow,  green,  and  violet,  oi  which  the  green  is  the  brightest:  all  are 
very  distinct.  A  dark  brown  deposit  is  formed  on  the  glass,  which  is  probably 
a  compound  of  carbon  and  sulphur.  The  authors  suggest  that  the  light  might 
be  useful  as  a  signal. 


ELECTEO-MOTIVE  POBOE  OP  FBIOTIONAL 
MACHINES. 

(Cen*rol5latt,  B.  F.,  Ko.  9, 1888,  j>p.  207,  208.) 

The  measurements  were  undertaken  chiefly  to  determine  whether  the 
iLH«F.  is  a  function  of  the  speed  of  rotation.  The  measurements  were  made 
with  an  absolute  electrometer  on  Thomson's  plan.  The  lower  fixed  plate  could 
be  raised  or  lowered  by  means  of  a  micrometer  screw,  and  was  carefully 
insulated;  the  upper  plate  was  suspended  from  one  arm  of  a  balance,  and 
was  provided  with  a  guard  ring,  both  being  put  to  earth.  Then,  on  joining  up 
the  lower  plate  to  an  electrical  machine,  the  upper  one  will  be  attracted,  and 
we  shall  have 
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where  V  is  the  difference  of  potential  in  absolute  electrostatic  units,  d  is  the 
distance  between  the  two  plates  which  is  measured  by  the  micrometer  screw, 
8  the  area  of  the  movable  plate,  m  the  balancing  weight,  and  g  the  acceleration 
due  to  gravity.    The  following  results  were  obtained : — 

HoU  Machine. 


BerolaiioDi 
p«rseo<md. 

d. 

9UDQ* 

M. 

m. 

m. 

B.MJ. 
DanieUs. 

With 

Leyden  jar. 

GrsmoM*. 

Withoat 

Leyden  Jar. 

GrammM. 

Mean 
Grammes. 

1 
8| 

10-6 
10-6 

1-62 
7-10 

1-66 
716 

1-536 
7-126 

9,640 
^0,680 

Wint&r  Machine. 

1 
8 
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1-92 

11,610 
11,610 
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The  use  of  the  Leyden  jar  seems  to  have  no  appreciable  efiBsot ;  bat  in  the 
case  of  the  Holx  machine  the  velocity  has  a  marked  effect,  thoogh  no  change 
was  produced  in  the  Winter  machine.  It  would  seem,  therefore,  as  though 
the  EJII.F.  produced  by  friction  is  a  constant  for  each  pair  of  bodies,  as  is  the 
case  when  two  bodies  act  chemically  on  each  other. 


PBOr.  BZTTEBSKAUB'THE  KINEMATICS  OF  DYNAMO 

MACHINES. 

(Cantfottlott,  B.  F.,  No,  11, 1888,  pp.  263-267.) 

The  author  compares  dynamo  machines  with  steam-engines,  the  com- 
mutator corresponding  to  the  slide  yalve,  or  four- way  cock,  or  other  arrange, 
ment  for  regulating  the  steam  supply.  The  currents  induced  in  the  separate 
coils  of  the  machine  are  always  alternating  in  direction,  this  being  reversed  at 
the  moment  of  the  passage  of  the  particular  coil  through  the  neutral  part  of 
the  field  I  these  alternating  currents  are  then  collected  by  the  commutator. 
The  commutator  in  its  simplest  form — for  one  coil  and  two  fields— is  exactlj 
the  equivalent  of  the  four- way  cock :  two  conducting  pieces  on  opposite  sides 
correspond  to  the  steam  passages. 

If  the  machine  has  two  coils  with  two  fields,  and  if  these  are  opposite  to 
each  other,  so  that  they  pass  the  neutral  diameter  simultaneously,  the  com- 
mutator may  serve  for  both.  The  coils  will  then  be  joined  up  parallel,  and  the 
brushes  form  the  connection  with  the  outer  circuit.  This  corresponds  to  a  two- 
cylinder  engine,  the  pistons  of  which  are  united  by  a  cross  head,  and  are 
regulated  by  a  single  four- way  cock.  In  compound  steam-engines  there  must 
be  one  six- way  cock  or  two  four-way  cocks,  and  these  engines  may  be  looked 
upon  as  connected  in  series,  the  steam  passing  from  the  high-pressure  cylinder 
to  the  low-pressure  cylinder.  In  the  same  way  the  coils  of  a  dynamo  Tnarhj^i^ 
may  be  coupled  in  series  by  means  of  two  commutators. 

If  there  are  more  than  two  coils,  a  separate  commutator  may  be  provided 
for  each  coil  or  for  each  pair  of  coils,  as  has  been  done  by  Brush ;  or  the 
several  currents  may  all  be  united  in  one  common  distributing  apparatus,  ms 
has  been  done  for  steam  in  Brotherhood's  three  cylinder  engines.  The  author 
traces  similar  analogies  in  other  machines. 


Br.  A.  LSHAH— APPABATUS  FOB  BEGISTEBING  AUTOMATIOALLiY 

THE  BTBENGTH  OF  EABTH  CUBBENT8. 

{ZeUtchrift  far  InOrumentenkwide,  B.  Ill,,  B,  4,  April,  1888,  i>p.  182-135). 

The  apparatus  was  designed  so  that  by  simply  shimting  it  into  the  drcoit 
of  a  telegraph  wire  a  diagram  of  the  varying  intensity  of  the  earth  currents 
should  be  traced  out.  Owing  to  these  currents  being  usually  very  weak,  it 
was  not  possible  to  employ  any  mechanical  arrangement,  and  recourse  was  had 
to  photography.  The  plates  used — ^bromide  of  silver  gelatine  plates — being 
excessively  sensitive,  all  extraneous  light  is  carefully  shut  out  by  enclosing 
the  whole  apparatus  in  a  wooden  case.  The  general  arrangement  may  be  seen 
from  Fig.  1. 
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A  bandle  of  rajrs  from  tlie  lamp  paases  through  a  small  aperture  in  a 
diaphragm  dosing  the  end  of  the  tube,  and,  after  traversing  the  latter,  strikes 
a  prism  from  which  it  is  reflected  on  the  mirror  of  a  Siemens'  dead-beat 
galvanometer.  The  reflected  ray  from  the  mirror  is  foonssed  by  the  lens  on  to 
the  vertical  screen  supporting  the  gelatino-bromide  plate.  The  plate  is  placed 
in  a  groove  in  a  wooden  box  before  beginning  the  observations;  a  screen  can 
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Fio.  1. 
be  slid  up  and  down  in  the  groove  in  front  of  the  plate,  as  in  an  ordinary 
camera.  The  experimenter  can  introduce  his  hand  through  an  opening  covered 
by  a  black  cloth,  and  can  raise  the  slide  to  the  top  of  its  frame ;  it  is  then 
allowed  to  descend  regularly  and  slowly,  being  controlled  by  a  clock.  In  front 
of  the  slide  is  a  horizontal  slit^  which  allows  the  ray  of  light  to  pass.  The 
descent  of  the  slide  is  at  the  rate  of  about  80  mm.  per  hour.    As  the  sensitive 
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plate  slowly  moves  downwards  in  front  of  the  slit,  the  spot  of  light  affects  it, 
and  the  photograph  will  show  any  deflections  which  the  mirror  has  made  to 
right  or  left  of  the  medial  line.  Time  signals  are  given  by  means  of  the 
diaphragm  at  the  front  end  of  the  tube;  in  this  diaphragm  are  pierced  three 
equidistant  horizontal  holes.  Qenerally  the  light  is  allowed  to  pass  only 
through  the  centre  hole;  but  at  fixed  intervals  of  time  (say  every  half -hour) 
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the  two  tide  liotai  are  opened,  »ai  their  inuges  then  appeu  on  Ute  pbotogrtph 
on  each  idde  of  the  medUl  line.  It  i»  thae  easy  to  meamra  the  daiation  of 
M17  euth  current.  Kg.  2  ia  a  fac-mmile  of  »  curve  tnuMd  b;  the  »ppM«te^ 
■howing'  the  earth  oaireiitB  on  the  ondergniand  cable  between  Berlin  sad' 
Dreeden  on  the  morning  of  tOth  Beptomber  lut. 


SKFBSZ  Mid  D'AXSOlTT'Ab— DEAII-B£AT  QALTANOHETEB. 

(_DingUr'i  Jounwl,  B.  S48,  JT.  1,  lCr>  *,  1883,  j>.  24.) 
A  hone-ehoe  magnet.  A,  is  fixed  -with  ite  legs  vertically  npwarda  in  the 
base  plate.  Between  the  l^i  ie  a  rectan- 
gular frame,  0,  which  is  formed  of  & 
considerable  nnmber  of  convolations  of 
very  fine  wire. 

Two  wires,  J  H  and  D  ^  of  silver  or 
copper,  are  fastened  to  the  frame ;  of  theae, 
J  H  is  attached  to  the  tornon  head,  N, 
which  can  be  either  rotated  or  raised;  the 
other  wire,  D  £,iB  attached  to  aflat  spring, 
F,  at  the  base  of  the  instminent,  the  tensicm 
of  which  can  be  regnlated  by  the  sciew, 
Q.  These  vires  serve  to  condnct  the 
current  to  the  coil,  as  well  as  forsapporta. 
The  deflection  is  read  in  the  osoal  way  bj 
mean*  of  the  small  mirror,  J.  B  is  an 
iron  tnbe,  which  inUnsifles  the  magnetic 
field.  The  iDstmment  is  very  dead-beat, 
as  any  movement  of  the  coil  in  the  vary 
intense  magnetic  field  indnoes  a  correal 
which  at  onc«  tends  to  aimiil  the  move- 


ELEOTBIO  LIQHT  FOB  SUBHABINE  OFEBATIONS. 
{Dingltr"!  Journal,  B.  348,  H.  1,  KOrt  4,  1888,  p.  18.) 
luthe^'AnualesdesFontaet  Chaasstes"  (188S,  B.  I,p.  34S)isa  noteby  tlie 
engineer  Ur.  LechaUs,  on  the  nse  of  electric  light  in  submarine  operations. 
The  lights  were  need  in  the  caletons  employed  in  the  coustmctian  of  the 
quay  walls  of  Antwerp.  Swan  lamps  were  chosen,  as  the  workmen  reqnlTed 
to  shift  the  lights  aboat  according  to  the  exact  position  of  the  work  going  on, 
and  vtM  enclosed  in  strong  glass  lanterns,  protected  from  shoeks  by  a  hronxa 
wire  screen.  Prom  8  to  10  lamps  were  used  in  each  cainon,  the  dimennona 
of  which  were  10  m.  loDf^  9  m.  wide,  and  from  3-G  m,  to  6  m.  high.  The 
necenary  onnent  fbr  the  10  lamps  in  8  caissons  was  fUmiihed  by  two  Fanre 
aoemniiUtora,  eaoh  oonsisUug  of  30  cells,  which  were  charged  aa  shore  bj  a 
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nr.  A.  SLABT— ELECTEIOAL  TBAKSKISSION  OF  POWER. 

(DmgUr^i  /onrtial,  B.  248«  £r.  8,  April  18,  ISSS^pp.  95-108.) 

In  a  paper  read  before  the  Yerein  ziir  Beforderong  des  C^werbfleisses,  the 
author  haa  treated  in  a  yery  clear  and  complete  way  the  above  question.  He 
has,  however,  not  introduced  any  new  matter,  but  gives  a  general  r^sumtf  of 
the  subject,  using  the  well-known  equations  for  calculating  the  return  of  a 
system  of  two  machines.  The  lecture  was  elementary,  being  intended  for 
engineers  not  specially  acquainted  with  electrical  science,  and  does  not  call  for 
an  extended  abstract. 


O.  PBOIiICH— SIEMENS'  TORSION  GALVANOMETER. 

(ProeeecUngt  of  the  Phyncal  Sooiety  qf  BwUn,  No,  5,  April  19, 1883,  and 
Bleldroteehnische  Zeitachrifl,  B.  17.,  H.  5,  Mai,  1883,  pp.  195-198.) 

The  instrument,  a  short  notice  of  which,  accompanied  by  an  illustration, 
appeared  in  the  Eledrieal  Beview  for  June  10, 1882,  consists  of  two  vertical  and 
parallel  coils  of  wire,  between  which  a  so-called  « bell-magnet"  is  suspended 
from  a  spiral  spring.  The  deflection  produced  by  the  current  in  the  coils  is 
oounteracted  by  turning  the  torsion  head,  to  which  one  end  of  the  spiral  spring 
is  attached,  so  as  to  bring  the  pointer  back  to  zero.  The  angle  of  torsion  of 
the  spiral  spring  is  proportional  to  the  strength  of  the  current  traversing  the 
instrument,  or,  since  its  resistance  is  a  constant  quantity,  to  the  difference  of 
potential  at  the  terminals. 

For  currents  of  more  than  5  amperes  the  coil  has  a  resistance  of  1  ohm, 
while  for  weaker  currents  of  less  than  6  amperes  the  resistance  is  100  ohms. 
The  instrument  is  made  in  two  forms,  vertical  and  horizontal,  and  with  each 
form  a  box  of  resistances  is  supplied,  by  means  of  which  EJII.F.  firom  0*001  volt 
to  1,700  volts  can  be  measured  on  the  same  instrument. 

The  galvanometer  is  calibrated  by  joining  it  up  in  circuit  with  two  thermo- 
piles of  each  60  elements,  the  one  of  German  silver  and  copper,  and  the  other 
of  German  silver  and  iron.  The  current  strength  is  calculated  on  the  assump- 
tion that  1  ampere  deposits  8*96  grammes  of  silver  per  hour.  The  instrument 
is  so  adjusted  that  the  angle  of  torsion  is  very  nearly  equal  to  the  difference  of 
potential  in  volts ;  but  a  table  of  corrections  is  made  out  for  each  instrument, 
which  permits  of  the  exact  value  being  obtained. 

To^measure  the  difference  of  potential  between  any  two  points  of  a  circuit, 

it  is  only  necessary  to  join  up  the  galvanometer  and  the  box  of  resistances 

between  the  two  points,  and  the  angle  of  torsion  gives  at  once  the  value  sought. 

In  actual  work,  it  is  advisable  at  first  to  employ  the  highest  resistance  in  the 

box,  and  then  to  reduce  this  until  the  required  degree  of  sensibility  is  obtained. 

The  box  of  resistances  is  joined  up  in  series  with  the  galvanometer,  and  not  as 

a  shunt. 

Bendes  the  above  use,  the  galvanometer  also  serves  to  determine  E.H.F. 

current^  resistance,  and  work.    Suppose  it  is  required  to  know  the  E  JC.F.  of 

a  dynamo  machine,  measure  the  diflermce  of  potential  at  the  terminals,  and 


460  ABSTBAOTB. 

add  or  mxbtract  the  product  of  the  cnrrent  hy  the  resistance  of  the  machine^ 
accordingly  as  it  is  used  as  a  generator  or  a  motor,  or  expressed  in  symbols 

The  strength  of  the  current  is  obtained  by  dividing  the  diflference  of  potential 
by  the  resistance  of  the  circuit  between  the  points  at  which  the  difference  of 
potential  is  measured. 

Gonversely,  the  resistance  may  be  obtained  by  dividing  the  difference  of 
potential  by  the  current  strength. 

If  P  «>  difference  of  potential  in  volts,  and  I  —  current  strength  in 
amperes,  then  the  work  in  horse-power  A  »  G  P  I,  wh^re  0  »  (H)01d6. 


Br.  B.  ABOV— AOOXTMULATOBS. 

{Prodidings  of  the  Physical  BocUty  qf  Berlin,  Ko.  B,  Apnl  19, 188%  amd  EUktrcteck^ 
nieehe  ZeiUehrift,  B,IV,,  B.ZcmdS,  February  emd March,  1883, pp. 68  and  100.) 

.  The  author  has  communicated  to  the  KUktroUchniehe  Verein  a  very 
exhaustive  account  of  his  researches  on  secondary  batteries,  the  results 
obtained  in  which  may  be  shortly  resumed* 

1.  Spongy  lead,  precipitated  from  lead  acetate  by  zinc  and  compressed  into 
plates,  becomes  at  once  active  if  used  as  the  negative  plate,  but  not  if  it  is  the 
positive.  It  was  owing  to  this  that  the  author's  attempts  to  form  secondary 
batteries  in  the  beginning  of  1880,  before  Faure  had  brought  forward  hit  plan, 
were  abortive. 

2.  Boiled  lead  can  be  coated  with  a  layer  of  disintegrated  lead  in  a  com* 
paratively  short  time  by  means  of  an  electric  current,  when  it  is  placed  in 
diluted  sulphuric  acid,  if  about  one  per  cent,  of  nitric  acid  is  mixed  with  the 
sulphuric  acid. 

8.  The  positive  plates  of  rolled  lead,  whether  they  themselves  form  the 
electrodes  or  only  serve  as  supports  to  the  spongy  lead  deposited  on  them» 
become  disintegrated  to  a  depth  of  about  half  a  millimetre  on  each  side,  and 
accordingly  they  should  have  a  thickness  of  at  least  2  mm. ;  the  connections 
should  be  made  by  means  of  lead  strips  6  mm.  thick,  soldered  on  with  tin 
solder. 

4.  Very  coherent  plates  may  be  obtained  by  covering  them  with  a  mixture 
of  minium  and  collodion :  this  compound  is  a  good  conductor.  In  order  to 
maintain  the  paste  in  place,  the  plates  should  be  wrapped  round,  whUe  still 
moist,  with  woollen  threads. 

6.  As  to  the  action  at  the  negative  plate,  from  the  calorific  value  of  the 
chemical  action  it  is  certain  that  the  reduced  lead  is  converted  on  discharge 
into  lead  sulphate.  Suppose  •  is  the  calorific  value  of  the  chemical  action  on 
the  negative  plate,  and  y  that  at  the  positive,  while  E  is  the  E.K.F.  of  the 
cell  in  calorific  measure,  then  •  +  y  ->  £.  It  was  found  that  E  <-  1*78 
Daniells  -  89,280  thermal  units  (1  Daniell  -  60,180).  In  order  to  find  y,  the 
reduced  lead  plate  was  replaced  by  a  copper  plate,  forming,  in  fact,  a  Sutton's 
cell— copper  in  dilute  sulphuric  acid  as  negative  plate,  and  peroxidised  lead  as 
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pofitive.  From  the  Uae  colour  of  the  liquid,  it  wm  evident  that  the  action  of 
the  negative  plate  resulted  in  the  formation  of  copper  lulphate,  the  thermal 
value  of  which  ia  55,960.  The  E  Jf  .F.  of  such  a  cell  was  found  to  be  1*31  Daniell 
«  65,970  thermal  units,  hence 

55,960  +  y  -  65,670  .-.  y  -    9,710^ 

•  «  79,520) 

whilst,  according  to  J.  Thomson,  the  calorific  equivalent  of  lead  sulphate  is 
78^800.  The  difiTerence  may  be  accounted  for,  on  the  one  hand,  by  the  un- 
certainty attending  the  calculation  of  the  E.M.F.  of  a  combination  fh>m  the 
thermal  values  of  the  chemical  actions,  and,  on  the  other  hand,  the  lead  is  in  a 
disintegrated  state. 

6.  At  the  positive  plate  the  brown  peroxide  is  not  formed,  as  has  been 
generally  supposed,  but  a  bluish-black  compound,  which  was  proved  by  the 
chemical  tests  applied  to  be  a  hydrated  peroxide  (plumbic  acid  Pb  0  (OH)i ). 
This  hydrated  peroxide  is  more  stable  in  dilute  sulphuric  acid  than  in  pure 
water,  by  which  it  is  soon  decomposed  into  peroxide  and  water.  If  a  plate 
coated  with  peroxide  be  placed  in  a  charged  cell  in  place  of  the  one  coated  with 
the  hydrated  peroxide,  the  cell  will  not  be  nearly  so  constant. 

7.  The  active  part  taken  by  the  sulphuric  acid  is  evidenced  by  the  increase 
in  the  specific  gravity  of  the  liquid  on  charging  and  the  decrease  on  discharg- 
ing, amounting  to  a  difference  of  -j^  in  the  two  specific  gravities. 

8.  The  resuscitation  of  a  secondary  battery  may  be  attributed  to  the  action 
of  the  pnlphuric  acid.  The  plates  first  use  up.  the  acid  in  their  immediate 
vicinity,  and  have  to  wait  until  a  fturther  quantity  has  become  equally  diffused 
through  the  liquid. 

9.  On  this  account  it  is  advisable  not  to  hinder  in  any  way  the  free 
circulation  of  the  liqtiid. 

10.  The  capacity  of  a  cell  may  be  as  much  as  8,000  kilogramm^tres  of 
electrical  energy  per  kilogramme  of  the  gross  weight ;  but  even  in  the  m<yt 
fitvourable  instances  the  formula 

Pb  +  8Ha  SO4  +  PbO  +  Hj  Os  -  Pb804  +  Pb804  +8Hi  O 
shows  that  only  50K)7  grammes  per  kilogramme  of  gross  weight  are  really  active. 
It  is  probable  that  only  the  outer  surfetces  of  the  lead  particles  can  be  active, 
and  aa  soon  as  these  are  covered  with  a  layer  of  lead  sulphate  the  action  stops. 

11.  The  cells  with  only  thin  coatings,  such  as  those  prepared  with  the 
aid  of  nitric  acid,  hold  their  charge  only  a  few  days :  a  gradual  discharge  takes 
place,  and  the  positive  plate  becomes  covered  with  a  white  film  which  is  found 
to  be  lead  sulphate ;  but  by  means  of  a  further  formation  the  brown  peroxide 
can  again  be  produced.  When  in  a  dry  state  the  plates  seem  to  hold  their 
charge  better. 

12.  The  plates  with  thick  coatings  at  first  keep  their  charge  better,  but 
afterwards  they  fall  off  in  capacity  of  storage.  The  observations  showed  that 
the  black  mass,  which  forms  brittle  hard  pieces,  had  disappeared,  and  in  its 
place  was  a  light  brown  pappy  substance  (it  is  probable  that  each  particle 
becomes  coated  with  lead  sulphate^  whereby  its  adhesion  is  spoiled);  the 
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current  then  paasQS  no  longer  through  Uie  lead  sulphnte  coated  particles,  hut 
goes  direct  to  the  supporting  plate. 

18.  A  positiye  plate  prepared  in  Faure's  way  from  lead  sulphate  shows  that 
oxidisation  only  takes  place  at  the  places  which  are  in  immediate  contact  with 
the  lead  plate,  so  that^  as  Gladstone  and  Trihe  have  shown,  the  lead  sulphate 
is  in  fact  converted  into  lead  prozide,  hut  only  in  the  immediate  neighhour- 
hood  of  the  lead  plate,  and  not  throughout  the  mass. 
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The  One  Hundred  and  Twenty-fifth  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25 J  Great  George  Street,  Westminster,  on  Thursday  evening, 
November  8th,  1883 — Mr.  Willoughby  Smith,  President,  in 
the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 
The  names  of  new  candidates  were  announced  and  suspended. 
The  following  transfers  were  announced  as  having  been  made 
on  the  approval  of  the  Council :— = 

From  the  class  of  Associates  to  that  of  Members — 

F.  Bolton. 
Walter  Hall. 
William  McWhirter. 
William  Oliver  Smith. 

From  the  class  of  Students  to  that  of  Associates — 

A.  P.  Chattock. 
Francis  Elliott  Stuart. 

It  was  announced  that  donations  to  the  Library  had  been 
received  from  the  following  persons  and  Institutions,  and  thanks 
were  awarded  by  the  meeting: — Institution  of  Civil  Engineers, 
Iron  and  Steel  Institute,  Lords  of  the  Committee  of  Council  on 
Education,  Managing  Committee  of  the  Vienna  Electrical  Exhibi- 
tion, H.  M.  Patent  OflSce,  Badcliflfe  Library,  Boyal  Engineers' 
VOL.  xn.  31 
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Institute,  Eoyal  Observatory,  Royal  Society  of  South  Australia, 
Smithsonian  Institution,  Society  of  Engineers,  Telegraph  Con- 
struction and  Maintenance  Company,  University  College,  and 
United  States  Signal  Service.  Dr.  Von  Beetz,  W.  H.  M.  Christie, 
Esq.  (Astronomer-Eoyal);  P.  Cowell,  Esq.;  Director-General  of 
Russian  Telegraphs,  Dr.  G.  Gore,  Herr  A.  Hartleben,  Colonel  W. 
Haywood,  Mons.  N.  HoflFmeyer,  G.  R.  Humphrey,  Esq.,  MQns»  E. 
Jacquez,  Mons.  L.  de  Locht-Labye,  Mons.  Melsens,  E,  Perrody, 
Esq.,  H.  S.  Snell,  Esq.,  and  H.  Tomlinson,  Esq.  Mons.  Adolphe 
Cochery,  Honorary  Member.  Le  Commandeur  E.  D'Amico  (Local 
Honorary  Secretary  for  Italy),  E.  Hospitalier,  T.  Rothen,  and 
H.  W.  Spang,  Foreign  Members.  E.  B.  Bright,  Latimer  Clark 
(Past^President),  J.  Angelo  Fahie,  J.  J.  Fahie,  Walter  T.  Glover, 
Professor  Fleeming  Jenkin,  C.  E.  Spagnoletti  (Vice-President), 
J.  W.  Swan,  Professor  S.  P.  Thompson,  and  C.  Todd  (Local 
Honorary  Secretary  for  South  Australia),  Members.  John  Munro 
and  C.  J.  Wharton,  Associates. 

The  President  :  Gentlemen, — It  aflfords  me  much  pleasure  to 
meet  you  here  again,  after  so  long  a  recess ;  but  that  pleasure  is 
somewhat  marred  by  the  fact  that,  since  we  last  met,  we  have 
lost  one  of  our  most  distinguished  members — I  refer  to  the 
untimely  death  of  Mr.  Cromwell  Fleetwood  Varley.  It  is  not  for 
me  now  to  extol  the  merits  of  Mr.  Varley — that,  I  hope,  will  be 
done  by  a  more  competent  person  than  myself;  but  as  a  Society 
we  have  to  accord  our  sympathy  with  those  firiends  who  are  left 
to  mourn  their  loss,  and  also  to  record  our  regret  that  Mr.  Varley 
was  not  spared  to  work  longer  with  us,  or  to  enjoy  the  fruits  of 
the  harvest  the  seeds  of  which  he  so  early  sowed  and  fostered. 

There  is  one  other  subject  which  I  will  mention,  though 
perhaps  it  is  somewhat  unnecessary,  as  it  will  no  doubt  be  dealt 
with  fully  by  the  Council  in  their  Annual  Report. — I  refer  to  the 
slight  alteration  that  has  taken  place  in  the  formation  of  the 
Society  since  we  last  met.  The  success  of  this  Society  during 
the  thirteen  years  it  has  been  established  has  been  so  great, 
that  the  Council  were  afraid  lest  they  were  erecting  a  mag- 
nificent structure  on  an  insecure  foimdation;  they  therefore 
turned  their  attention  to  the   subject,  and,  although   it  may 
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4ippeaf  a  very  simple  matter,  I  can  assure  you  it  was  a  work 
«f  some  difficulty  and  labour,  and  I  was  agreeably  surprised 
to  find  those  gentlemen  so  ready  to  give  their  valuable  time, 
energy,  and  even  money  when  required,  for  the  benefit  of  your 
Society.  The  result  is  that  we  meet  this  evening  for  the  first 
time  on  a  new  basis,  which  I  am  sure  is  a  good  one ;  and,  if  you 
will  only  continue  to  elect  as  members  of  your  CJouncil  such  men 
as  it  has  been  my  pleasure  to  work  with  for  so  many  years,  I  am 
sure  that  the  Society  will  continue  to  flourish  as  it  has  hitherto 
done,  i  am  pleased  that  Colonel  Webber  has  reminded  me  that 
Mr.  Bristow,  our  worthy  honorary  solicitor,  is  present  this  even- 
ing, for  it  is  owing  to  his  able  assistance  that  the  work  of  incorpo- 
ration was  got  over  so  well,  and  I  had  Mr.  Bristow's  labours  plainly 
before  me  when  speaking  of  the  gentlemen  who  had  so  liberally 
given  their  time  and  energy  for  the  welfare  of  this  Society. 

Now,  gentlemen,  with  your  permission,  I  will  ask  Professor 
W.  G.  Adams  to  kindly  preside  during  the  time  that  I  fulfil  my 
promise  of  reading  my  paper  set  down  for  this  evening. 

Professor  W.  G.  Adams  then  took  the  chair. 

The  following  paper  was  then  read : — 

VOLTA-ELECTRIC    INDUCTION. 
By  WiLLODGHBy  Smfth,  President. 

In  my  presidential  address  which  I  had  the  pleasure  of  reading 
before  this  Society  at  our  first  meeting  this  year,  I  called  attention, 
somewhat  hurriedly,  to  the  results  of  a  few  of  my  experiments  on 
induction,  and  at  the  same  time  expressed  a  hope  that  at  a  future 
date  I  might  be  able  to  bring  them  more  prominently  before  you. 
That  date  has  now  arrived,  and  my  endeavour  this  evening  will 
be  to  demonstrate  to  you  by  actual  experiment  some  of  what  I 
insider  the  most  important  results  obtained.  My  desire  is  that 
all  present  should  see  these  results,  and  with  that  view  I  will  try, 
when  practicable,  to  use  a  mirror  reflecting  galvanometer  instead 
of  a  telephone.  All  who  have  been  accustomed  to  the  use  of 
reflecting  galvanometers  will  readily  understand  the  difficulty,  on 
account  of  its  delicacy,  of  doing  so  where  no  special  arrangements 
are  provided  for  its  use ;  but  perhaps  with  a  little  indulgence  on 
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your  part  and  patience  on  mine  the  experiments  may  be  brought 
to  a  successful  issue. 

Reliable  records  extending  over  hundreds  of  years  show  clearly 
with  what  energy  and  perseverance  scientific  men  in  every  civilised 
part  of  the  world  have  endeavoured  to  wrest  from  nature  the  secret 
of  what  is  termed  her  "  Phenomena  of  Magnetism ; "  and,  as  is 
invariably  the  case  under  similar  circimistances,  the  results  of  the 
experiments  and  reasoning  of  some  have  far  surpassed  those  of 
others  in  advancing  our  knowledge.  For  instance,  the  experi- 
mental philosophers  in  many  branches  of  science  were  groping  as 
it  were  in  darkness  imtil  the  brilliant  light  of  Newton's  genius 
illumined  their  path.  Although  perhaps  I  should  not  be  justified 
in  comparing  Oersted  with  Newton,  yet  he  also  discovered  what 
are  termed  "  new "  laws  of  nature,  in  a  manner  at  once  precise, 
profound,  and  amazing,  and  which  opened  a  new  field  of  research 
to  many  of  the  most  distinguished  philosophers  of  that  time,  who 
were  soon  engaged  in  experimenting  in  the  same  direction,  and 
from  whose  investigations  arose  a  new  science,  which  was  called 
"  Electro-dynamics."  Oersted  demonstrated  from  inductive  reason- 
ing that  every  conductor  of  electricity  possessed  all  the  known 
properties  of  a  magnet  while  a  current  of  electricity  was  passing 
through  it.  If  you  earnestly  contemplate  the  important  adjuncts 
to  applied  science  which  have  sprung  from  that  apparently  simple 
fact,  you  will  not  fail  to  see  the  importance  of  the  discovery ;  for 
it  was  while  working  in  this  new  field  of  electro-magnetism  that 
Sturgeon  made  the  first  electro-magnet,  and  Faraday  many  of  his 
discoveries  relating  to  induction. 

Soon  after  the  discovery  by  Oersted  just  referred  to,  Faraday, 
with  the  care  and  ability  manifest  in  all  his  experiments,  showed 
that  when  an  intermittent  current  of  electricity  is  passing  along 
a  wire  it  induces  a  current  in  any  wire  forming  a  complete  circuit 
and  pUu:ed  parallel  to  it,  and  that  if  the  two  wires  were  made  into 
two  helices  and  placed  parallel  to  each  other  the  eflfect  was  more 
marked.  This  Faraday  designated  "  Volta-electric-induction," 
and  it  is  with  this  kind  of  induction  I  wish  to  engage  your  atten- 
tion this  evening ;  for  it  is  a  phenomenon  which  presents  some  of 
the  most  interesting  and  important  facts  in  electrical  science. 
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Here  are  two  flat  Rpirale  of  silk-covered  copper  wire  Buspended 
separately,  spider-web  fiubion,  in  wooden  frames  marked  respect- 
ively A  and  B.  The  one  marked  A  is  so  connected  that  reversals 
at  any  desired  speed  per  minute  from  a  battery  of  one  or  more 
cells  can  be  passed  through  it.  The  one  marked  B  is  so  connected 
to  the  galvanometer  and  a  reverser  as  to  show  the  deflection 
caused  by  the  induced  currents,  which  are  momentary  in  duration, 
and  in  the  galvanometer  circuit  all  on  the  same  side  of  zero ;  for 
as  the  battery  current  on  making  contact  produces  an  induced 
current  in  the  reverse  direction  to  itself,  but  in  the  same  direction 
on  breaking  the  contact,  of  course  the  one  would  neutralise  the 
other,  and  the  galvanometer  would  not  be  aflTected.  The  galvan- 
ometer connections  are  therefore  reversed  with  each  reversal  of 
the  battery  current,  and  by  that  means  the  induced  currents  are, 


as  you  perceive,  all  in  the  same  direction,  and  produce  a  steady 
deflection.  The  connections  are  as  shown  on  the  sheet  before 
you  marked  1,  which  I  think  requires  no  further  explanation. 

Before  proceeding,  please  bear  in  mind  the  fact,  that  the 
inductive  eSecte  vary  inversely  as  the  square  of  the  distance 
between  the  two  spirals  when  parallel  to  each  other,  and  that  the 
indnced  cmrent  in  B  is  proportional  to  the  number  of  reversals  of 
the  battery  current  passing  through  spiral  A,  and  also  to  the 
strength  of  the  current  so  passing. 

Faraday's  fertile  imagination  would  naturally  suggest  the 
question,  "  Is  this  lateral  action,  which  we  call  magnetism,  ex- 
tended to  a  distance  by  the  action  of  intermediate  particles?" 
If  so,  then  it  is  reasonable  to  expect  that  all  substances  would  not 
be  affected  in  the  same  way,  and  therefore  different  results  would 
be   obtained   if  different  media  were   interposed   between   the 
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inductor  and  what  I  will  merely  call  for  distinction  the  induct- 
ometen 

With  a  view  to  proving  this  experimentally,  Faraday  con- 
structed  three  fiat  helices,  and  placed  them  parallel  to  eaeh  other, 
a  convenient  distance  apart.  The  middle  helix  was  so  arranged 
that  a  voltaic  current  could  be  sent  through  it  at  pleasure.  A 
differential  galvanometer  was  connected  with  the  other  helices  in 
such  a  manner  that  when  a  voltaic  current  was  sent  through  the 
middle  helix  its  inductive  action  on  the  lateral  helices  should 
cause  currents  in  them,  having  contrary  directions  in  the  coils  of 
the  galvanometer.  This  was  a  very  prettily-arranged  electrie 
balance,  and  by  placing  plates  of  different  substances  between  the 
inductor  and  one  of  the  inductometers,  Faraday  expected  to  see 
the  balance  destroyed  to  an  extent  which  would  be  indicated  by 
the  deflection  of  the  needle  of  the  galvanometer.  To  his  surprise 
he  found  it  made  not  the  least  difference  whether  the  intervening 
space  was  occupied  by  such  insulating  bodies  as  air,  sulphur,  and 
shellac,  or  such  conducting  bodies  as  copper  and  the  other  non- 
magnetic metals.  These  results,  however,  did  not  satisfy  him,  as 
he  was  convinced  that  the  interposition  of  the  non-magnetic 
metals,  especially  of  copper,  did  have  an  effect,  but  that  his 
apparatus  was  not  suitable  for  making  it  visible.  It  is  to  be 
regretted  that  so  sound  a  reasoner  and  so  careful  an  experimenter 
(  had  not  the  great  advantage  of  the  assistance  of  such  suitable 

instruments  for  this  qlass  of  research  as  the  mirror  galvanometer 
and  the  telephone.  But  although  he  could  not  practically 
demonstrate  the  effects  which  by  him  could  be  so  clearly  seen,  it 
redounds  to  his  credit  that,  as  the  improvement  in  instruments 
for  this  kind  of  research  has  advanced,  the  results  he  sought  for 
have  been  found  in  the  direction  in  which  he  predicted. 

A  and  B  will  now  be  placed  a  definite  distance  apart,  and 
comparatively  slow  reversals  from  ten  Leclanch^  cells  sent  through 
spiral  A ;  you  will  observe  the  amoimt  of  the  induced  current  in. 
B  as  shown  on  the  scale  of  the  galvanometer  in  circuit  with  that 
spiral.  Now  midway  between  the  two  spirals  will  be  placed  a 
plate  of  iron,  as  shown  in  Plate  2,  and  at  once  you  observe  the- 
deflection  of  the  galvanometer  is  reduced  by  less  than  one-half,. 


188S.]  VOLTA-ELECTKIC  INDUCTION.  «I 

shoviBg  clearly  that  the  presence  of  the  iron  plate  is  in  some  way 
influencmg  the  previous  effects.  The  iron  will  now  he  removed, 
but  the  spirals  left  in  the  same  position  as  before,  and  by  increas- 
ing the  speed  of  the  reversals  you  see  a  higher  deflection  is  given 
on  the  galvanometer.  Now,  on  again  interposing  the  iron  plate, 
the  deflection  falls  to  a  little  less  than  one-half,  as  before.  I  wish 
this  fact  to  be  carefully  noted. 

The  experiment  will  be  repeated  with  a  plate  of  copper  of 
precisely  the  same  dimensions  as  the  iron  plate,  and  you  observe 
that,  although  the  conditions  are  exactly  alike  in  both  cases,  the 
interposition  of  the  copper  plate  has  apparently  no  effect  at  the 
present  speed  of  the  reversals,  although  the  interposition  of  the 
iron  plate  under  the  same  conditions  reduced  the  deflection  about 


Plate  2. 
50  per  cent.  We  will  now  remove  the  copper  plate,  as  we  did 
the  iron  one,  and  increase  the  speed  of  the  reversals  to  the  same 
as  in  the  experiment  with  the  iron,  and  you  observe  the  deflection 
on  the  galvanometer  is  about  the  same  as  it  was  on  that  occasion. 
Now,  by  replacing  the  copper  plate  to  its  former  position,  you  will 
note  how  rapidly  the  deflection  falls.  We  will  now  repeat  the 
experiment  with  a  plate  of  lead,  and  you  will  see  that,  like  the 
copper,  it  is  unafTected  at  the  low  speed,  but  there  the  resemblance 
ceases,  for  at  the  high  speed  it  has  but  very  slight  effect.  Thus 
these  metals,  iron,  copper,  and  lead,  appear  to  differ  as  widely 
in  their  electrical,  as  they  do  in  their  mechanical  properties.  Of 
course  it  would  be  impossible  to  obtain  accurate  measurements 
on  an  occaaion  like  the  present,  but  careful  and  reliable  measure- 
ments have  been  made,  the  results  of  which  are  shown  on  the 
sheet  before  you  marked  3.     It  will  be  seen  by  reference  to  these 
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results  that  the  percentage  of  inductive  energy  intercepted  does 
not  increase  for  different  speeds  of  the  reverser  in  the  same  rate 
with  different  metals,  the  increase  with  iron  being  very  slight, 
while  with  tin  it  is  comparatively  enormous.  It  was  observed 
that  time  was  an  important  element  to  be  taken  into  account 
while  testing  the  above  metals — that  is  to  say,  the  lines  of  force 
took  an  appreciable  time  to  polarise  the  particles  of  the  metal 
placed  in  their  path,  but  having  accomplished  this  they  passed 
more  freely  through  it. 

Now  let  us  go  more  minutely  into  the  subject  by  the  aid  of 
Plate  4,  Figs.  1  and  2.     In  Fig.  I'let  A  and  B  represent  two  flat 
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spirals,  spiral  A  being  connected  to  a  battery  with  a  key  in  circuit, 
and  spiral  B  connected  to  a  galvanometer ;  then,  on  closing  the 
battery  circuit,  an  instantaneous  current  is  induced  in  spiral  B. 
If  a  non-magnetic  metal  plate  half  an  inch  thick  be  placed  midway 
between  the  spirals,  and  the  experiment  repeated,  it  wiU  be  found 
that  the  induced  current  received  by  B  is  the  same  in  amount  as 
in  the  first  case.  This  does  not  prove,  as  would  at  first  appear, 
that  the  metal  plate  fails  to  intercept  the  inductive  radiant  energy, 
and  it  can  scarcely  be  so ;  for  if  the  plate  is  replaced  by  a  coil  of 
wire,  it  is  found  that  induced  currents  are  set  up  therein,  and 
therefore  inductive  radiant  energy  must  have  been  intercepted. 
This  apparent  contradiction  may  be  explained  as  follows: — In 
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Fig.  2  let  D  represent  a  source  of  heat  (a  vessel  of  boiting  water 
for  instance),  and  E  a  sensitive  thermometer  receiving  and 
measuring  the  radiant  heat.  Now  if,  for  instance,  a  plate  of 
vulcanite  is  interposed,  it  cuts  off  and  absorbs  a  part  of  the  radiant 
heat  emitted  by  D,  and  thus  a  fall  is  produced  in  the  thermometer 
reading.  But  the  vulcanite,  soon  becoming  heated  by  the  radiant 
heat  cut  off  and  absorbed  by  itself,  radiatea  that  heat,  and  causes 
the  thermometer  reading  to  return  to  about  its  original  amount. 
Via.  1. 
A  B 


!« 


The  false  impression  is  thus  produced  that  the  original  radiated 
heat  was  unaffected  by  the  vulcanite  plate ;  instead  of  which,  as  a 
matter  of  fact,  the  vulcanite  plate  had  cut  off  the  radiant  heat, 
becoming  heated  itself  in  so  doing,  and  was  consequently  then 
the  radiating  body  affecting  the  thermometer. 

The  effect  ia  similar,  in  the  case  of  induction,  between  the  two 
spirals.    Spiral  A  induces  and  spiral  B  receives  the  induced  effect. 
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The  metal  plate  being  then  interposed  cuts  off  and  absorbs  either 
all  or  part  of  the  inductive  radiant  energy  emitted  by  A.  The 
inductive  radiant  energy  thus  cut  off,  however,  is  not  lost,  but  is 
converted  into  electrical  energy  in  the  metal  plate,  thereby  causing 
it  to  become,  as  in  the  case  of  the  vulcanite  in  the  heat  experi- 
ment, a  source  of  radiation  which  compensates,  as  fieur  as  spiral 
B  is  concerned,  for  the  original  inductive  radiant  energy  cut  off. 
The  only  material  difference  noticeable  in  the  two  experiments  is,, 
that  in  the  case  of  heat  the  time  that  elapses  between  the 
momentary  fall  in  the  thermometer  reading  (due  to  the  intercep- 
tion by  the  vulcanite  plate  of  the  radiant  heat)  and  the  subsequent 
rise  (due  to  the  interposing  plate  itself  radiating  that  heat)  is 
long  enough  to  render  the  effect  clearly  manifest ;  whereas  in  the 
case  of  induction,  the  time  that  elapses  is  so  exceedingly  short 
that,  unless  special  precautions  are  taken,  the  radiant  energy 
emitted  by  the  metal  plate  is  liable  to  be  mistaken  for  the  primary 
energy  emitted  by  the  inducing  spiral. 

The  current  induced  in  the  receiving  spiral  by  the  inducing 
one  is  practically  instantaneous ;  but  on  the  interposition  of  a 
metal  plate  the  induced  current,  which,  as  before  described,  is  set 
up  by  the  plate  itself,  has  a  perceptible  duration  depending  upon 
the  nature  and  mass  of  metal  thus  interposed.  Copper  and  zinc 
produce  in  this  manner  an  induced  current  of  greater  length  than 
metals  of  lower  conductivity,  with  the  exception  of  iron,  which 
gives  an  induced  current  of  extremely  short  duration.  It  will 
therefore  be  seen  that,  in  endeavouring  to  ascertain  what  I  term 
the  specific  inductive  resistance  of  different  metals  by  the  means 
described,  notice  must  be  taken  of,  and  allowance  made  for,  two 
points.  Firstly,  that  the  metal  plate  not  only  cuts  off,  but  itself 
radiates ;  and  secondly,  that  the  duration  of  the  induced  currents 
radiated  by  the  plates  varies  with  each  different  metal  under 
experiment. 

This  explains  the  fact  before  pointed  out,  that  the  apparent 
percentage  of  inductive  radiant  energy  intercepted  by  metal 
plates  varies  with  the  speed  of  the  reversals ;  for  in  the  case  of 
copper  the  induced  current  set  up  by  such  a  plate  has  so  long  a 
duration  that,  if  the  speed  of  the  reverser  is  at  all  rapid,  the 
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induced  current  has  not  time  to  exhaust  itself  before  the  galvan- 
ometer is  reversed,  and  thus  the  current,  being  on  the  opposite 
side  ofthe  galvanometer,  tends  to  produce  a  lower  deflection.  If 
the  speed  of  the  reverser  be  further  increased,  the  greater  part  of  ^ 
the  induced  current  is  received  on  the  opposite  terminal  of  the 
galvanometer,  so  that  a  negative  result  is  obtained. 

We  know  that  it  was  the  strong  analogies  which  exist  between 
electricity  and  magnetism  that  led  experimentalists  to  seek  for 
proofs  that  would  identify  them  as  one  and  the  same  thing,  and 
it  was  the  result  of  Professor  Oersted's  experiment,  to  which  I 
have  already  referred,  that  first  identified  them. 

Probably  the  time  is  not  far  distant  when  it  will  be  possible  to 
demonstrate  clearly  that  heat  and  electricity  are  as  closely  allied ; 
then,  knowing  the  great  analogies  existing  between  heat  and 
light,  may  we  not  find  that  heat,  light,  and  electricity  are  modifi- 
cations of  the  same  force  or  property,  susceptible  under  varying 
conditions  of  producing  the  phenomena  now  designated  by  those 
terms  ?  For  instance,  firiction  will  first  produce  electricity,  then 
heat,  and  lastly  light. 

As  is  well  known,  heat  and  light  are  reflected  by  metals;  I  was 
therefore  anxious  to  learn  whether  electricity  could  be  reflected 
in  the  same  way.  In  order  to  ascertain  this,  spiral  B  was  placed 
in  this  position,  which  you  will  observe  is  parallel  to  the  lines  of 
force  emitted  by  spiral  A.  In  this  position  no  induced  current  is 
set  up  therein,  so  the  galvanometer  is  not  aflfected;  but  when 
this  plate  of  metal  is  placed  at  this  angle  it  intercepts  the  lines 
of  force,  which  cause  it  to  radiate,  and  the  secondary  lines  of 
force  are  intercepted  and  converted  into  induced  currents  by 
spiral  B  to  the  power  indicated  by  the-  galvanometer.  Thus  the 
phenomenon  of  reflection  appears  to  be  produced  in  a  somewhat 
similar  manner  to  reflection  of  heat  and  light.  The  whole 
arrangement  of  this  experiment  is  as  shown  on  the  sheet  before 
you  numbered  5,  which  I  need  not,  I  think,  more  fully  explain  to 
you  than  by  saying  that  the  secondary  lines  of  force  are  repre- 
sented by  the  dotted  lines. 

Supported  in  this  wooden  frame  marked  C  is  a  spiral  similar 
in  construction  to  the  one  marked  B,  but  in  this  case  the  copper 
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■wire  is  '044  inch  in  diameter,  silk-iMvered,  and  consists  of  365 
turns,  with  a  total  length  of  605  yards :  its  resistance  ia  10*2  ohms ; 
the  whole  is  enclosed  hetween  two  thick  sheets  of  card-paper. 
The  two  ends  of  the  spiral  are  attached  to  two  terminals  placed 
one  on  either  side  of  the  frame  ;  a  wire  from  one  of  the  termiiials 
is  connected  to  one  pole  of  a  battery  of  25  Leclanche  celb,  the  other 
pole  being  connected  with  one  terminal  of  a  reverser,  the  second 
terminal  of  which  is  connected  to  the  other  terminal  of  the  spiral. 
Now  if  this  very  small  spiral  which  is  in  circuit  with  the 
galvanometer  and  a  reverser  be  placed  parallel  to  the  centre  of 


spiral  C,  a  very  large  deflection  will  be  seen  on  the  galvanometer . 
scale ;  this  will  gradually  diminish  as  the  smaller  spiral  is  passed 
slowly  over  the  &ce  of  the  larger,  until  on  nearing  the  edge  of 
the  latter  the  smaller  spiral  will  cease  to  be  affected  by  the 
inductive  lines  of  force  &om  spiral  C,  and  consequently  thegalvan- 
ometer  indicates  no  deflection.  But  if  this  smaller  spiral  be 
placed  at  a  different  angle  to  the  larger  one,  it  is,  as  you  observe 
by  the  deflection  of  the  galvanometer,  again  affected.  This  ei- 
perimeut  is  analogous  to  the  one  illustrated  by  Diagram  6,  which 
represents  the  result  of  an  experiment  made  to  ascertain  the 
relative  strength  or  capability  of  producing  inductive  effects  of 
different  parts  of  a  straight  electro-magnet. 
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C,  Fig.  1,  represents  the  iron  core ;  PP  the  primary  coil,  con- 
nected at  pleasure  to  one  Grove  cell,  B,  by  means  of  the  key,  K ; 
S  a  small  secondary  coil  free  to  move  along  the  primary  coil  while 
in  circuit  with  the  galvanometer,  G.  The  relative  strength  of 
any  partictilar  spot  can  be  obtained  by  moving  the  coil  S  exactly 
over  the  required  position.  The  anall  secondary  coil  is  only  cut 
at  right  angles  when  it  is  placed  in  the  centre  of  the  magnet,  and 
as  it  is  moved  towards  either  pole  so  the  lines  of  force  cut  it 
more  and  more  obliquely.  From  this  it  would  appear  that  the 
results  obtained  are  not  purely  dependent  upon  the  strength  of 


Platb  e. 
that  portion  of  the  magnet  over  which  the  secondary  coil  is 
placed,  but  principally  upon  the  angle  at  which  the  lines  of  force 
cat  the  coil  so  placed.  It  does  not  follow,  therefore,  that  the 
centre  of  the  magnet  is  its  Btrongest  part,  as  the  results  of  the 
experiments  at  first  sight  appear  to  show. 

It  was  while  engaged  on  these  experiments  that  I  discovered 
that  a  telephone  was  affected  when  not  in  any  way  connected 
with  the  spiral,  but  simply  placed  so  that  the  lines  of  force  pro- 
ceeding from  the  spiral  impinged  upon  the  Iron  diaphragm  of  the 
telephone.     Please  to  bear  in  mind  that  the  direction  of  the  lines 
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of  force  emitted  from  the  spiral  is  such  that,  starting  from  any 
point  on  one  of  itfi  faces,  a  circle  is  described  extending  to  a 
similar  point  on  the  opposite  side.  The  diameter  of  the  circles 
described  decreases  from  infinity  as  the  points  from  which  they 
start  recede  from  the  centre  towards  the  circumference.  From 
points  near  the  circumference  the  circles  or  curves  are  very  smalL 
To  illustrate  this  to  you,  the  reverser  now  in  circuit  with  spiral  C 
will  be  replaced  by  a  simple  make-and-break  arrangement,  con- 
sisting of  a  small  electro-magnet  fixed  between  the  prongs  of  a 
timing-fork,  and  so  connected  that  the  electro-magnet  influences 
the  arms  of  the  fork,  causing  them  to  vibrate  to  a  certain  pitch. 
The  apparatus  is  placed  in  a  distant  room  to  prevent  the  sound 
being  heard  here,  as  I  wish  to  make  it  inductively  audible  to  you. 
For  that  purpose  I  have  here  a  light  spiral  which  is  in  circuit 
with  this  telephone.  Now,  by  placing  the  spiral  in  front  of  spiral 
C,  the  telephone  reproduces  the  soimd  given  out  by  the  tuning- 
fork  so  loudly,  that  I  have  no  doubt  all  of  you  can  hear  it.  Here 
is  another  spiral,  similar  in  every  respect  to  spiral  C ;  this  is  in 
circuit  with  a  battery  and  an  ordinary  mechanical  make-and- 
break  arrangement,  the  sound  given  off  by  which  I  will  now  •  \  ± 
make  audible  to  you  in  the  same  way  that  I  did  the  sound  of  the 
tuning-fork.  Now  you  hear  it.  I  will  change  from  the  one 
spiral  to  the  other  several  times,  as  I  want  to  make  you 
acquainted  with  the  sounds  of  both,  so  that  you  will  have  no 
difficulty  in  distinguishing  them  the  one  from  the  other. 

There  are  suspended  in  this  room  self-luminous  bodies  which 
enable  us  by  their  rays  or  lines  of  force  to  see  the  non-luminous 
bodies  with  which  we  are  surrounded.  There  are  also  radiating 
in  all  directions  from  me,  while  speaking,  lines  of  force  or  sound 
waves  which  affect  more  or  less  each  one  of  you.  But  there  are 
also  in  addition  to,  and  quite  independent  of  the  lines  of  force 
just  mentioned,  magnetic  lines  offeree  which  are  too  subtle  to  be 
recognised  by  human  beings,  consequently,  figuratively,  we  are 
both  blind  and  deaf  to  them.  However,  they  can  be  made 
manifest  either  by  their  action  on  a  suspended  magnet  or  on  a 
-conducting  body  moving  across  them ;  the  former  showing  its 
^results  by  attraction  and  repulsion,  the  latter  by  the  production 
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of  an  electric  current.  •  For  instance,  by  connecting  the  small  flat 
spiral  of  copper  wire  in  direct  circuit  with  the  galvanometer,  you 
will  perceive  that  the  slightest  movement  of  the  spiral  generates 
a  current  of  suflScient  strength  to  very  sensibly  affect  the  gal- 
vanometer ;  and,  as  you  observe,  the  amplitude  of  the  deflection 
depends  upon  the  speed  and  direction  in  which  the  spiral  is 
moved.  We  know  that  by  moving  a  conductor  of  electricity  in  a 
magnetic  field  we  are  able  to  produce  an  electric  current  of 
suflicient  intensity  to  produce  light  resembling  in  all  its  phases 
that  of  solar  light;  but  to  produce  these  strong  currents  very 
powerful  artificial  magnetic  fields  have  to  be  generated,  and 
the  conductor  has  to  be  moved  therein  at  a  great  expenditure  of 
heat  energy.  May  not  the  time  arrive  when  we  shall  no  longer 
require  these  artificial  and  costly  means,  but  have  learned  how  to 
adopt  those  forces  of  nature  which  we  now  so  much  neglect.  One 
ampere  of  current  passing  through  an  ordinary  incandescent  lamp 
will  produce  a  light  equal  to  ten  candles,  and  I  have  shown  that, 
by  simply  moving  this  small  flat  spiral,  a  current  is  induced  in  it 
from  the  earth's  magnetic  field  equal  to  '0007  ampere.  With 
these  facts  before  us,  surely  it  would  not  be  boldness  to  predict 
that  a  time  may  arrive  when  the  energy  of  the  Wind  or  tide  will 
be  employed  to  produce,  from  the  magnetic  lines  of  force  given 
out  by  the  earth's  magnetism,  electrical  currents  far  surpassing 
anything  we  have  yet  seen  or  of  which  we  have  heard.  There- 
fore let  us  not  despise  the  smallness  of  the  force,  but  rather 
consider  it  an  element  of  power  from  which  might  arise  conditions 
fax  higher  in  degree,  and  which  we  might  not  recognise  as  the 
same  as  this  developed  in  its  incipient  stage. 

If  the  galvanometer  be  replaced  by  a  telephone,  no  matter  how 
the  spiral  be  moved,  no  sound  will  be  heard,  simply  because  the 
induced  currents  produced  consist  of  comparatively  slow  undula- 
tions, and  not  of  sharp  variations  suitable  for  a  telephone.  But 
by  placing  in  circuit  this  mechanical  make-and-break  arrangement 
the  interruptions  of  the  current  are  at  once  audible,  and  by 
regulating  the  movement  of  the  spiral  I  can  send  signals  which, 
if  they  had  been  pre-arranged,  might  have  enabled  us  to  com- 
municate inteUigence  to  each  other  by  means  of  the  earth's 
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magnetism.  I  show  this  experiment  more  with  a  view  to  illustrate 
the  fact  that  for  experiments  on  induction  both  instruments  are 
necessary,  as  each  makes  manifest  those  currents  adapted  to  itself. 
The  lines  of  force  of  light,  heat,  and  sound  can  be  artificially 
produced  and  intensified,  and  the  more  intense  they  are  the  more 
we  perceive  their  effects  on  our  eyes,  ears,  or  bodies.  But  it  is 
not  so  with  the  lines  of  magnetic  force,  for,  it  matters  not  how 
much  their  power  is  increased,  they  appear  in  no  way  to  affect  us. 
Their  presence  can,  however,  be  made  manifest  to  our  eyes  or  ears 
by  mechanical  appliances.  I  have  already  shown  you  how  this 
can  be  done  by  means  of  either  a  galvanometer  or  a  telephone 

r 

in  circuit  with  a  spiral  wire. 

I  have  already  stated  that  while  engaged  in  these  experiments 
J  found  that,  as  far  as  the  telephone  was  concerned,  it  was  imma- 
terial whether  it  was  in  circuit  with  a  spiral  or  not,  as  in  either 
case  it  accurately  reproduced  the  same  sounds ;  therefore,  much 
in  the  same  way  as  lenses  assist  the  sight  or  tubes  the  hearing,  so 
does  the  telephone  make  manifest  the  lines  of  intermittent 
inductive  energy.  This  was  quite  a  new  phenomenon  to  me,  and 
on  further  investigation  of  the  subject  I  found  that  it  was  not 
necessiary  to  have  even  a  telephone,  for  by  simply  holding  a  piece 
of  iron  to  my  ear  and  placing  it  close  to  the  centre  of  the  spiral 
I  could  distinctly  hear  the  same  sounds  as  with  the  telephone, 
although  not  so  loud.  The  intensity  of  the  sound  was  greatly 
increased  when  the  iron  was  placed  in  a  magnetic  field.  Here  is  a 
small  disc  of  iron  similar  to  those  used  in  telephones,  firmly  secured 
in  this  brass  irame ;  this  is  a  small  permanent  bar  magnet,  the 
marked  end  of  which  is  fixed  very  closely  to,  but  not  touching,  the 
centre  of  the  iron  disc.  Now,  by  applying  the  disc  to  my  ear,  I  can 
hear  the  same  sounds  that  were  audible  to  all  of  you  when  the 
telephone  in  circuit  with  a  small  spiral  was  placed  in  front  of  and 
close  to  the  large  spiral ;  to  me  the  sound  is  quite  as  loud  as 
when  you  heard  it ;  but  now  you  are  one  and  all  totally  deaf  to  it. 
My  original  object  in  constructing  two  large  spirals  was  to  ascer- 
tain whether  the  inductive  lines  of  force  given  out  from  one  source 
would  in  any  way  interfere  with  those  proceeding  from  another 
source.     By  the  aid  of  this  simple  iron  disc  and  magnet  it  can  be 
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ascertained  that  they  do  in  no  way  interfere  with  each  other, 
therefore  the  direction  of  the  lines  proceeding  from  each  spiral 
can  be  distinctly  traced ;  for  when  the  two  spirals  are  placed 
parallel  to  each  other  at  a  distaoce  of  three  feet  apart,  and  con- 
nected to  independent  batteries  and  transmitters,  as  shown  in 
Plate  7,  each  transmitter  having  a  sound  perfectly  distinct  from 
that  of  the  other,  when  the  circuits  are  completed  the  separate 


Boands  giyen  out  by  the  two  transmitters  can  be  distinctly  heard 
at  the  same  time  by  the  aid  of  a  telephone,  but  by  placing  the 
telephone  in  a  position  neutral  to  one  of  the  spirals,  then  only  the 
sound  proceeding  from  the  other  can  be  heard.  These  results 
occur  in  whatever  position  the  spirals  are  placed  relatively  to  each 
other,  thus  proving  that  there  is  no  interference  with  or  blending 
of  the  separate  lines  of  force.  The  whole  arrangement  will  be  left 
in  working  order  at  the  close  of  the  meeting  for  any  gentlemen 
VOL.  xn.  32  * 
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present  to  verify  my  statements  or  to  make  what  experiments 
they  please. 

In  conclusion,  I  would  ask.  What  can  we  as  practical  men 
gather  from  these  experiments  ?  A  great  deal  has  been  written 
and  said  as  to  the  best  means  to  secure  conductors  carrying  cur- 
rents of  very  low  tension,  such  as  telephone  circuits,  from  being 
influenced  by  induction  from  conductors  in  their  immediate 
vicinity  employed  in  carrying  currents  of  comparatively  very  high 
tension,  such  as  the  ordinary  telegraph  wires.  Covering  the  insu- 
lated wires  with  one  or  other  of  the  various  metals  has  not  only 
been  suggested,  but  said  to  have  been  actually  employed  with 
marked  success.  Now  it  will  be  found  that  a  thin  sheet  of  any 
known  metal  will  in  no  appreciable  way  interrupt  the  inductive 
lines  of  force  passing  between  two  flat  spirals ;  that  being  so,  it  is 
difficult  to  understand  how  inductive  effects  are  influenced  by  a 
metal  covering  as  described. 

Telegraph-engineers  and  electricians  have  done  much  towards 
accomplishing  the  successful  working  of  our  present  railway 
system,  but  still  there  is  much  scope  for  improvements  in  the 
signalling  arrangements.  In  foggy  weather  the  system  now 
adopted  is  comparatively  useless,  and  recourse  has  to  be  had  at 
such  times  to  the  dangerous  and  somewhat  clumsy  method  of 
signalling  by  means  of  detonating  charges  placed  upon  the  rails. 
Now  it  has  occurred  to  me  that  volta  induction  might  be  em- 
ployed with  advantage  in  various  ways  for  signalling  purposes. 
For  example,  one  or  more  wire  spirals  could  be  fixed  between  the 
rails  at  any  convenient  distance  from  the  signalling  station,  so 
that,  when  necessary,  intermittent  currents  could  be  sent  through 
the  spirals ;  and  another  spiral  could  be  fixed  beneath  the  engine 
or  guard's  van  and  connected  to  one  or  more  telephones  placed 
near  those  in  charge  of  the  train.  Then  as  the  train  passed  over 
the  fixed  spiral,  the  sound  given  out  by  the  transmitter  would  be 
loudly  reproduced  by  the  telephone,  and  indicate  by  its  character 
the  signal  intended.  One  of  my  experiments  in  this  direction 
will  perhaps  better  illustrate  my  meaning.  The  large  spiral  was 
connected  in  circuit  with  twelve  Leclanche  cells  and  the  two 
make -and -break  transmitters  before  described.    They  were  80 
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connected  that  either  transmitter  could  be  switched  into  circuit 
when  required,  and  this  I  considered  the  signalling  station.  This 
small  spiral  was  so  arranged  that  it  passed  in  front  of  the  large 
one  at  the  distance  of  eight  inches,  and  at  a  speed  of  twenty-eight 
miles  per  hour.  The  terminals  of  the  small  spiral  were  connected 
to  a  telephone  fixed  in  a  distant  room,  the  result  being  that  the 
sound  reproduced  from  either  transmitter  could  be  clearly  heard 
and  recognised  every  time  the  spirals  passed  each  other.  With  a 
knowledge  of  this  feet  I  think  it  will  be  readily  imderstood  how  a 
cheap  and  efficient  adjunct  to  the  present  system  of  railway 
signalling  could  be  obtained  by  such  means  as  I  have  ventured  to 
bring  to  your  notice  this  evening. 

Thus  have  I  given  you  some  of  the  thoughts  and  experiments 
which  have  occupied  my  attention  during  my  leisure.  I  have 
been  long  under  the  impression  that  there  is  a  feeling  in  the 
minds  of  many  that  we  are  already  in  a  position  to  give  an  answer 
to  almost  every  question  relating  to  electricity  or  magnetism. 
All  I  can  say  is,  that  the  more  I  endeavour  to  advance  in  a  know- 
ledge of  these  subjects,  the  more  am  I  convinced  of  the  fallacy  of 
such  a  position.  There  is  much  yet  to  be  learnt,  and  if  there  be 
present  either  member,  associate,  or  student  to  whom  I  have 
imparted  the  smallest  instruction,  I  shall  feel  that  I  have  not 
unprofitably  occupied  my  time  this  evening. 

Professor  W.  Gr.  Adams  :  The  hearty  way  in  which  you  have 
received  the  paper  of  our  President  leaves  very  little  for  me  to 
say  in  the  way  of  recommending  it  to  you ;  but  I  would  ask  you 
formally  to  ratify  what  you  have  already  expressed,  by  giving  him 
a  vote  of  thanks  for  the  very  able  pfiq)er  which  he  has  brought 
before  us.  It  was  extremely  int-eresting,  and  I  am  sure  that  we 
all  feel  that  we  have  been  very  profitably  employed  in  listening 
to  it.  I  hope  that  it  will  provoke  a  very  good  discussion,  seeing 
that  it  touched  upon  so  many  interesting  points  which  many  of  our 
members  present  will  no  doubt  like  to  discuss,  and  we  have  time 
this  evening  for  the  discussion.  The  subject  of  induction  is  full  of 
interest,  and  one  which  we  have  frequently  had  brought  before  us. 
Among  the  most  prominent  of  those  who  have  studied  and  applied 
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measurement  to  the  subject  stands  Professor  Hughes,  who.  is 
accustomed  to  weigh  all  those  inductive  actions  in  his  balance, 
and  he  will  no  doubt  give  us  a  few  ideas  in  opening  the  discussion. 
Professor  D.  E.  Hughes  :  I  should  have  been  oiost  happy  to 
have  followed  your  advice,  but  I  shall  not  be  able  to  give  you  very 
much,  because  I  have  not  seen  the  paper  before  this  instant.  1 
must  say  that  it  is  a  very  valuable  paper,  and  I  should  prefer, 
giving  it  a  little  study  before  attempting  to  fully  discuss  it. 
Some  of  the  experiments  brought  before  us  to-night  I  recognise 
as  some  effects  that  I  have  studied  by  aid  of  the  induction-balance. 
Mr.  Willoughby  Smith  has  presented  the  effects  in  an  entirely 
new  light,  and  has  brought  before  us  a  new  theory  to  bear  upon 
them,  and  I  must  say  that  some  thought  is  necessary  before  they 
can  be  properly  considered.  The  introduction  of  a  sheet  of  copper 
between  two  coils  has  the  effect  of  delaying  or  weakening  the 
induced  current :  it  absorbs  work,  but  it  is  impossible  in  such  a 
case  to  obtain  a  balance  by  simply  moving  the  coils  away.  If 
that  was  not  the  case,  anything  could  be  measured  without  trouble 
by  simply  moving  the  coils,  but  the  question  of  time  comes  in, 
and  makes  the  question  very  difficult  of  adjustment.  Each  metal 
has  a  peculiar  time  of  discharge,  but  in  all  non-magnetic  bodies 
a  retardation  takes  place.  I  would  like  to  point  out  to  Mr. 
Willoughby  Smith  that  if  I  make  a  spiral  of  copper  and  leave  the 
two  ends  open  there  is  not  the  slightest  effect  in  the  induction- 
balance,  but  if  I  close  the  ends  then  the  full  effect  is  perceived. 
Some  of  the  most  valuable  points  that  Mr.  Willoughby  Smith 
has  brought  out  seems  to  me  due  to  the  difference  in  time,  which 
is  very  important.  He  has  noticed  that  with  a  different  time  of 
contact  there  is  a  different  effect.  That  is  a  very  important 
point,  because  in  an  induction-balance  we  can  and  do  measure 
the  conductibility  of  metals,  but  we  do  not  measure  it  as  elec- 
tricians ordinarily  measure  it :  they  measure  when  electricity  is  in 
a  state  of  flowing,  or  stable  condition ;  in  induction  we  measure 
the  first  portion  of  flow,  or  its  period  variable.  Now,  from  the 
period  variable  to  the  period  stable  we  have  a  very  rapid  curve, 
the  form  and  height  of  which  varies  with  each  metal.  I  must 
confess  that  in  the  induction-balance  I  could  not  trace  this 


1888.] 


DISCUSSION. 


475 


difference  with  any  method  of  accurately  proving  such  to  be  the 
case,  and  Mr.  Willoughby  Smith's  results  will  be  a  most  valuable 
point  to  bring  forward. 

Mr.  A.  J.  S.  Adams:  I  should  like,  before  the  discussion 
proceeds,  to  ask  an  expression  of  opinion  upon  the  action  of  the 
atmosphere  in  connection  with  induction  experiments,  because  to 
my  mind  the  importance  of  the  question  has  not  been  sufficiently 
recognised.  To  illustrate  my  point,  permit  me  to  quote  the 
following  experiment : — 


». 


The  sketch  represents  a  glass  tumbler  containing  some  water, 
immersed  in  which  is  one  end  of  the  secondary  of  an  induction- 
coil.  Dipping  into  the  water  is  also  a  glass  tube  having  its  lower 
end  closed  by  a  piece  of  waxed  paper ;  the  tube  contains  water, 
and  into  it  dips  the  other  end  of  the  secondary.  The  two  liquids 
are  therefore  divided  by  the  thin  diaphragm  at  the  bottom  of  the 
tube,  but  although  the  induction-coil  armature  be  caused  to  emit 
a  musical  note,  the  arrangement  as  it  stands  will  not  reproduce  it. 
If  the  single  diaphragm  be  now  replaced  by  a  double,  so  that  the 
lower  end  of  the  tube  is  closed  by  two  thin  discs  of  insulating 
material  with  an  air  film  between  them,  the  musical  note  will  be 
clearly  reproduced  in  the  tumbler,  and  the  question  arises,  what 
part  does  the  air  really  play  ? 
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That  the  atmospherio  air  does  exert  an  important  and  posaiidy 
a  primary  influence  in  such  a  case  was  particulary  brought  under 
notice — and,  I  think,  for  the  first  time — ^in  a  paper  read  before 
this  Society  on  December  12th,  1877,  and  printed  in  the  Journal 
20  for  that  year. 

Mr.  W.  H.  Preege  :  Mr.  Chairman, — I  am  very  mudi  in  the 
same  position  as  Professor  Hughes — that  is,  I  have  not  had  an 
opportunity  of  reading  or  studying  this  paper.  It  is  a  paper  that 
has  been  prepared  with  great  skill.  Mr.  Willoughby  Smith 
himself  has  said  that  it  has  occupied  his  attention  since  the  last 
time  we  were  in  this  room,  and  there  is  no  doubt  that  that  time 
has  been  very  well  spent.  It  has  been  spent  in  devising  a  series 
of  experiments  that  must  have  conveyed  conviction  to  every  one 
of  us  in  this  room.  Now  these  effects  of  induction  have  really 
occupied  the  attention  of  practical  telegraphists  only  since  the 
introduction  of  the  telephone.  But  before  even  the  telephone 
was  introduced  it  was  known  that  they  existed,  and  it  was  known 
that  they  must  produce  some  results  on  our  telegraphs.  One  very 
striking  instance  of  .these  effects  was  brought  to  my  notice  in  the 
following  curious  way : — -On  one  occasion  when  I  was  giving  a 
lecture  at  the  Albert  Hall,  a  wire  was  brought  to  that  hall  in  con- 
nection with  India,  against  my  will  and  against  my  wish.  Now  I 
am  an  old  hand  at  lecturing,  and  have  also  had  something  to  do 
with  the  getting  up  of  soirees,  and  have  more  than  once  been  the 
victim  of  accidental  or  oth^  ^^  hankey-pankeyism,"  and  I  was 
quite  certain  that  if  a  wire  was  brought  to  the  Albert  Hall  there 
would  be  some  failure.  On  one  occasion,  the  first  lecture  I  ever 
gave  in  my  life, — it  was  in  Southampton, — I  had  a  wire  in  connec- 
tion with  London,  and  arrangements  were  made  so  that  I  might  • 
communicate  with  the  Continent  by  the  new  cable  in  the  North 
Sea;  and  when  that  part  of  my  lecture  was  reached  where  we 
were  to  be  placed  in  connection  with  the  Continent,  we  first  of  all 
spoke  to  Amsterdam,  and  asked  how  the  weather  was,  and  the 
answer  came,  saying,  "  It  is  very  wet."  We  were  then  placed  in 
commimication  with  Berlin,  and  the  same  question  was  asked, 
and  then  we  went  in  conmiunication  with  Vienna.  In  the  early 
^part  of  the  lecture,  I  had  described  the  effect  of  the  difference  in 
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time  due  to  difference  of  longitude — ^how  it  was  that  messages 
received  in  London  were  timed  an  hour  later  from  Vienna ;  and 
when  we  were  put  in  communication  with  Vienna  an  inquisitive 
editor  amongst  my  audience  said,  "  Now  let  us  test  what  Mr.  Preece 
told  us  about  time.  What  is  the  time  in  Vienna  ?**  Of  course  I  had 
the  question  put  to  Vienna,  the  time  being  nine  o'clock  in  South- 
ampton, and  the  answer  came  back  that  it  was  "  eight  o'clock."  The 
editor  said,  "  That's  a  lie !  the  time  in  Vienna  is  nearer  half-past 
ten;"  and  on  enquiry  it  was  found  that  my  friend  in  London, 
instead  of  putting  us  in  communication  with  the  Continent, 
had  personated  the  different  stations  and  answered  the  ques- 
tions himself.  He  knew  that  the  difference  of  time  was  about 
an  hour,  but  instead  of  putting  it  on  he  took  it  off.  I 
was  as  much  victimised  as  my  audience,  and  that  has  always 
made  me  rather  suspicious  of  through  communications ;  and  so 
at  the  Albert  Hall,  when  I  was  told  that  we  were  going  to  speak 
to  India,  I  said  nothing.  However,  there  was  the  wire,  and  there 
were  messages  sent  to  India.  We  were  told  that  "  the  locusts 
were  swarming  in  Scinde."  But  it  happened  that  at  the  selfsame 
hour,  while  I  was  lecturing  in  the  Albert  Hall,  my  brother,  who  was 
stationed  at  Shiraz,  in  Persia,  was  knocked  up — at  to  him  about 
three  or  four  o'clock  in  the  morning — by  one  of  the  clerks,  who  said 
that  there  was  something  on  the  wire  going  on  about  him.  So 
he  got  out  of  bed,  and  found  that  on  the  wire  at  Shiraz  there 
was  a  message  going  through  from  the  Albert  Hall  to  India,  and 
that  this  message  was  about  the  locusts  in  Scinde,  and  he  sent 
me  the  slip  itself  as  a  proof  that  the  message  went.  Now,  the 
direct  wire  through  Persia  to  Kurrachee  ran  side  by  side  with  the 
local  circuit  upon  which  was  Shiraz,  and  this  message  about  the 
locusts  at  Scinde  was  read  at  Shiraz  by  induction.  The  currents 
passing  over  the  through  wire  induced  currents  in  the  local  wire, 
and  so  produced  the  message,  which  convinced  me  that  on  that 
occasion  there  was  no  ^^  hankey-pankeyism "  at  all  in  the  Albert 
Hall  arrangements.  Another  way  in  which  these  inductive 
effects  act  is  by  retarding  messages.  Where  you  have  two  wires 
running  side  by  side  for  some  distance,  the  same  effect  that 
^e  saw  to-night  is  repeated  on  the  second  wire,  and  the  effect  is 
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retardation ;  but  when  the  telephone  came  in,  then  these  effects 
of  induction  began  to  have  practical  significance,  and  we  heard 
in  this  room  how  Professor  Graham  Bell  had  set  intermittent 
currents  working  in  the  cellar  of  his  house  in  Washington,  and 
heard  the  induced  currents  on  the  very  top  of  the  house.  There 
is  not  any  one  in  this  room  who  has  used  the  telephone  who  has 
not  experienced  these  inductive  effects.  Like  Mr.  Willoughby 
Smith,  we  have  endeavoured  to  shut  off  these  effects  of  induction 
with  screens,  and  it  has  been  said  by  some  people,  as  also  in  Mr. 
Willoughby  Smith's  paper,  that  the  screens  have  failed  or  have 
only  partially  cut  off  the  effects.  Now  in  all  telephone  circuits  we 
have  three  great  sources  of  disturbance :  we  have  this  effect  of 
induction,  we  have  the  effect  of  leakage,  and  we  have  the  dis- 
turbance due  to  the  currents  that  are  constantly  percolating 
through  the  earth — not  only  earth  currents,  but  currents  from 
neighbouring  telephone  and  telegraph  stations.  The  effect  of 
screens  in  the  way  of  an  outside  coating  of  lead,  iron,  or  brass  has 
been,  not  to  screen  induction  at  all,  as  Mr.  Willoughby  Smith 
shows,  but  to  remove  the  earth  and  the  leakage  currents.  From 
our  experience  in  the  Post  Office,  no  insertion  of  plates  or  screens 
will  prevent  this  induction  between  wire  and  wire ;  and  a  great  deal 
of  money  is  at  the  present  moment  being  uselessly  expended  in 
trying  to  stem  the  influence  of  induction  by  the  use  of  these  screens. 
Now  Mr.  Willoughby  Smith  has  not  only  to-night  brought  before 
us  very  clearly  and  very  ably  these  effects,  but  he  certainly  has 
pointed  out  a  very  interesting  fact.  It  is  said  that  when  a  man 
is  able  to  make  two  blades  of  grass  grow  where  one  blade  grew 
before,  he  is  a  benefactor  of  mankind ;  and  when  he  has  added  to 
our  practical  knowledge,  he  is  a  benefactor  to  the  Society  of 
Telegraph-Engineers.  Mr.  Willoughby  Smith  certainly  has  shown 
us  to-night  that  time  plays  a  function  in  these  experiments  that 
was  not,  as  far  as  I  remember,  known  before,  and  therefore  he  has 
added  to  our  store  of  knowledge.  But  he  has  put  before  us 
another  fact  that  I  in  another  way  have  once  or  twice  endeavoured 
to  put  before  you,  and  that  is,  we  must  regard  these  electrics^ 
phenomena  as  molecular  phenomena — that  all  these  illustrations 
of  electrical  action  are  merely  in  form  and  in  character  very 
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similar  to  those  undulator j  phenomena  of  light  and  heat.  All  the 
tendency  of  teaching  at  the  present  day,  both  among  physicists 
and  amongst  practical  men,  is  to  show  that  the  effects  of  electricity 
are  somewhat  similar  to  those  of  light  and  heat,  and  that  they 
are  to  be  attributed  to  some  peculiar  vibratory  motion  of  the 
ultimate  particles  of  matter ;  and  the  more  the  subject  is  studied 
the  more  this  is  sure  to  come  out.  Professor  Hughes  is  working 
with  great  ardour  in  this  direction,  and  others  are  working  in  the 
same  field,  and  day  by  day  our  knowledge  is  increasing  and  we 
are  getting  to  know  more  and  more  of  what  this  subtle  and  delicate 
form  of  energy  is.  I  am  sure  we  are  all  very  much  indebted  to 
Mr.  Willoughby  Smith  for  what  he  has  brought  before  us,  but  I 
should  like  him  to  have  alluded  to  the  labours  of  a  gentleman 
who  has  worked  in  this  direction  (who  does  not  belong  to  our 
Society,  I  think,  but  who  ought  to),  and  that  is  Dr.  Tribe.  Dr. 
Tribe's  papers  read  before  the  Eoyal  Society  are  most  interesting. 
He  has  reproduced  phenomena  in  which  he  shows  that  electricity, 
like  light  and  heat,  produces  phenomena  very  analogous  to  those 
of  reiiraction.  Now  when  it  is  proved  that  electricity,  like  light 
and  heat,  can  be  reflected  and  refracted,  then  I  think  nothing  more 
will  remain  to  convince  everybody  that  electricity  is  nothing  but 
mere  motion  of  molecules  of  matter.  I  did  not  follow  Mr.  Adams 
in  his  experiment,  but  this  I  do  know,  that  whether  the  air  be 
present  or  not — whether  it  be  through  a  vacuum  or  not — 
whether  it  be  through  conductors  or  insulators,  through  gases  or 
liquids,  this  inductive  action  produces  exactly  the  same  effects, 
and  therefore  it  must  be  an  effect  of  the  ether  that  fills  all  space. 
All  these  phenomena  not  only  show  that  they  must  be  attributable 
to  the  undulations  of  the  ether,  but  they  also  show  that  there 
must  be  an  ether;  and  while  there  are  many  who  study  the 
phenomena  of  light  and  the  various  phenomena,  endeavouring  Uy 
prove  that  it  all  can  be  done  without  the  existence  of  ether,  these 
experiments  which  we  have  seen  to-night,  and  analogous  ones, 
show  that  an  ether  must  of  necessity  pervade  all  space.  The  void 
from  the  earth  to  the  sun,  from  the  planets  to  ourselves,  is  filled 
with  this  light  and  delicate  mass  that  enables  us  to  see  with  our 
eyes,  to  feel  with  our  bodies,  and  we  know  also  that  it  acts  upon 
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our  magnets  and  our  telegraph  wires.  There  are  phenomena  of 
earth  currents  which  follow  the  spots  of  the  sun ;  there  are  changes 
in  the  magnetism  of  the  earth  which  show  unmistakably  that 
there  is  a  transference  of  energy  between  the  earth  and  the  sun  . 
that  can  only  be  conveyed  by  this  ether.  Now,  one  word  more. 
There  is  an  old  Latin  proverb,  Ne  siUor  uUra  crepidam :  it  means 
that  a  cobbler  should  stick  to  his  last ;  and  I  almost  wish  that 
Mr.  Willoughby  Smith  had  stuck  to  his  last,  but  he  departed 
from  the  field  in  which  he  is  a  master  and  entered  upon  that  in 
which  he  has  something  yet  to  learn — I  mean  the  working  of 
trains  on  our  railways.  He  quotes  an  experiment,  but  I  doubt 
very  much  whether  the  use  of  a  telephone  in  the  hands  of  an 
engine-driver  would  enable  him  to  learn  the  condition  of  his 
distant  signals  with  such  accuracy  as  is  now  imparted  to  him  by 
the  fog-signal.  When  thick  weather  comes  on,  an  engine-driver 
cannot  see  ten  feet  in  front  of  him :  he  only  wants  to  see  that 
distance  to  distinguish  his  signals.  It  would  be  absurd  and 
ridiculous  to  use  a  really  beautiful  practical  instrument  like  the 
telephone  to  convey  to  him  information  of  things  that  exist  only 
ten  feet  off.  The  present  practice  of  giving  warning  to  an  engine- 
driver  in  thick  fogs  is  to  place  a  man  at  each  distant  signal,  who 
puts  one  detonating  signal  on  the  metals  to  mean  that  all  is  clear, 
two  detonating  signals  to  intimate  caution,  and  three  detonating 
signals  to  bring  the  train  to  a  standstill,  and  it  would  be  quite 
impossible  to  communicate  such  information  so  accurately  and 
surely  by  telephone  as  by  the  present  practice. 

Professor  W.  E.  Aybton:  In  connection  with  the  interest- 
ing experiment  which  Mr.  Willoughby  Smith  has  been  so  good 
as  to  bring  before  us,  I  should  like  to  refer  to  the  analogy 
with  heat  and  light.  A  very  pretty  experiment  was  shown  us 
where  two  coils  were  placed  at  right  angles  to  one  another,  and  no 
effect  of  induction  was  produced ;  but  on  putting  a  certain  plate 
of  metal  between  the  coils,  an  effect  was  observed,  and  the  effect 
was  compared  with  the  effect  of  reflection.  I  think  Mr.  Smith  is 
possibly  a  little  mistaken  in  using  the  word  reflection  there.  No 
doubt  an  effect  is  produced  by  the  insertion  of  the  plate  of  metal, 
but  it  is  not  at  all  produced  by  reflection,  or  anything  in  my 
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opinian  analogous  inth  reflection.  I  can  say,  speaking  generally, 
so  far  as  I  am  aware  no  experiment  has  ever  been  shown  where 
there  is  what  you  may  call  reflection,  or  refraction,  of  electricity. 
The  essence  of  a  plate  reflecting  a  ray  of  light  is  that  it  does  not 
absorb  any  of  the  energy — that  it  is  not  self-luminous.  If  the 
body  or  plate  absorbs  the  light  and  gives  it  out  again,  of  course 
the  word  reflection  may  be  used,  but  it  is  not  quite  a  suitable 
one.  The  plate  becomes  self-luminous,  and  that  is  what 
takes  place  when  you  are  dealing  with  the  two  coils  placed  at 
right  angles  to  one  another.  The  plate  itself  acts  like  one  of  the 
induction  coils,  and  absorbs  a  certain  amount  of  the  energy ;  it  is 
in  fact  exactly  like  an  opaque  substance  having  rays  of  heat  fall- 
ing on  it,  becoming  warm  and  radiating  heat  in  all  directions — not 
in  one  direction  particularly,  but  in  all  directions ;  but  that  is  not 


what  is  meant  by  metallic  reflection.  So  in  the  same  way  certain 
experiments  may  be  made  which  at  first  sight  may  look  like 
refraction^  but  it  is  not  6ond  fide  refraction.  About  two  years 
and  a  half  ago,  when  my  colleague  and  myself  were  determining 
electrically  the  index  of  refraction  of  ebonite  for  light,  we  made 
certain  other  experiments,  and  obtained  results  which  looked 
uncommonly  like  eflfects  produced  by  refraction  of  electricity 
through  a  solid  copper  lens,  for  we  obtained  an  electric  focus,  but 
this  focus,  however,  was  not  really  a  focus  produced  by  refraction. 
The  experiment  was  very  simple,  and  as  follows : — M  was  a  power- 
ful electro-magnet,  the  current  flowing  round  which  was  rapidly 
made  aad  lNx>ken  by  an  automatic  key  at  K.  L  was  a  solid 
(x^per  lens,  and  we  searched  for  a  focus,  not  of  course  with  the 
eye,  but  with  a  small  exploring  coil,  m,  the  two  ends  of  which 
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were  attached  to  a  distant  telephone,  T.  It  was  very  difficult  to 
find  an  exact  focus,  owing  to  the  smallness  of  the  action,  but 
there  was  found  a  small  region,  such  that  if  the  exploring  coil, 
m,  was  within  it,  the  sound  was  louder  than  if  m  were  without  it. 
But  the  point  I  particularly  want  to  draw  attention  to  is  this 
— ^that  although  an  effect  is  produced  analogous  with  a  focus,  it  is 
not  produced  by  refiraction.  Every  particle  of  the  copper,  L,  as 
Professor  Hughes  has  rightly  pointed  out,  has  induced  currents 
set  up  in  it  which  produce  inductive  effects  on  the  exploring  coil, 
m,  and  you  obtained  simply  the  resultant  effect  of  the  copper 
lens,  L,  which  becomes,  so  to  say,  electrically  self-luminous.  It  is 
not  that  rays  of  radiant  energy,  or  whatever  they  may  be  called, 
are  passing  through  and  being  bent,  as  the  rays  of  light  or  heat 
are,  without  being  themselves  absorbed  by  the  lens,  but  the  energy 
is  distinctly  absorbed  by  the  copper  lens,  and  sent  out  again  in  the 
same  way  that  a  hot  body  sends  out  heat.  Although,  then,  this 
looks  at  first  sight  very  much  like  refraction,  it  is  essentially  not 
refraction;  and  I  may  add  that,  mentioning  this  experiment  to 
Sir  William  Thomson  at  the  time,  he  was  indignant  at  my  even 
using  the  word  refraction  in  connection  with  electricity,  although 
of  course  I  was  merely  using  it  as  an  illustration  of  the  apparent 
effect.  Pretty  experiments  can  be  made  with  results  which  seem 
to  be  analogous  with  refraction  and  reflection,  but,  to  sum  up  what 
I  have  been  saying,  I  know  of  no  experiment  which  really  proves 
that  electricity  or  electric  rays  can  be  reflected  or  refracted. 
There  is  one  point  in  Mr.  Willoughby  Smith's  interesting  paper 
which  caught  my  eye,  and  which  doubtless  is  a  misprint.  The 
j)aper  reads  that  the  effect  of  one  coil  on  the  other  is  "  inversely 
as  the  square  of  the  distance."  Of  course  that  would  not  be  the 
case,  and  I  take  the  liberty  o^  drawing  Mr.  Willoughby  Smith's 
attention  to  what  doubtless  is  a  clerical  error.  If  two  coils  of 
the  same  dimensions,  such  as  Mr.  Willoughby  Smith  is  employ- 
ing, be  used  for  the  primary  and  secondary,  and  if  they  be  put 
parallel  to  one  another  at  various  distances  apart,  reckoned  fix>m 
their  centres,  then  I  find  from  theoretical  considerations  that  for 
the  distances  1,  2,  3, 4,  etc.,  the  induced  current  in  the  secondary, 
on  making  or  breaking  the  current  on  the  primary,  are  roughly — 
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In  a  separate  column  I  have  added  what  would  be  the  induced 
current  if  it  varied  inversely  as  the  square  of  the  distance  between 
the  coils.  The  current  therefore  falls  off  much  more  slowly  than 
the  inverse  square  of  the  distance. 

Professor  D.  E.  Hughes  :  I  quite  agree  with  Professor  Ayrton 
about  the  refraction  experiment ;  and  the  following  sketch  will 
show  something  that  was  very  similar : — 


The  above  represents  one  of  my  first  induction-balances, 
described  in  Comptea  RenduSj  Dec.  30, 1878,  and  Jan.^20, 1879,  and 
consists  of  a  primary  coil,  A,  and  a  secondary  coil,  B.  WTien  these 
coils  were  absolutely  at  right  angles,  perfect  silence  was  the  result. 
If  a  piece  of  metal,  C,  was  introduced,  the  balance  was  upset,  and 
if  the  piece  of  metal  was  perfectly  at  right  angles  to  either  coil, 
the  balance  was  also  upset.  The  effect  is  very  similar  to  that 
described  by  Professor  Ayrton,  and  due  to  the  disturbing  effects 
of  the  metal  upon  the  lines  of  force ;  and,  as  this  resembles  some- 
what the  experiments  of  Mr.  Smith,  I  thought  it  sufficiently 
interesting  to  mention. 

Col.  E.  D.  Malcolm:  Gentlemen, — It  is  a  very  bold  thing 
to  break  a  lance  with  Mr.  Preece,  but  with  regard  to  his  remarks 
about    the  impossibility  of  using  volta-induction    for    railway 
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working,  I  would  ask  him  whether  we  have  not  often  laughed 
in  this  room  over  the  reply  that  was  given  many  years  ago  when 
Francis  Bonalds  proposed  to  signal  by  electricity  first.  It  was  a. 
new  thing,  and  the  Grovemment  would  not  have  it.  What  has 
been  introduced  to  us  to-night  is  a  new  thing ;  I  do  not  say  that 
it  is  any  good,  but  ought  Mr.  Preece,  a  Government  official,  to 
condemn  it  off-hand  ? 

Mr.  W.  H.  Preece:  Allow  me  to  correct  myself  and  Col. 
Malcolm.  I  did  not  say  that  volta-electric  induction  will  not  be 
useful  for  railway  working.  What  I  did  say  was,  that  it  could  not 
possibly  replace  fog-signals  as  used  now  for  railway  signalling. 

Mr.  C.  E.  Spagnoletti  :  I  should  like  to  ask  one  question.  In 
the  experiment  where  Mr.  Willoughby  Smith  showed  that  heat 
after  a  short  time  affected  the  thermometer, — that  is,  that  when 
the  screen  was  taken  away  the  thermometer  showed  the  effect  of 
the  heat  and  its  diminution  for  a  time  owing  to  the  introduction 
of  the  screen, — I  would  ask  whether,  if  the  screen  were  kept  cool 
by  some  means  when  placed  between  the  source  of  heat  and  the 
thermometer,  the  thermometer  would  be  affected  ?  One  would 
think  not.  ,  If  that  were  so,  then,  looking  at  the  experiment  with 
the  coils  A  B,  Fig.  1,  Plate  4,  if  the  screen  were  connected  with 
the  earth,  would  not  the  connection  with  the  earth  prevent  or 
minimise  the  inductive  effect  of  coil  A,  upon  coil  B,  and  give  no 
effect  or  reduce  the  reading  upon  the  galvanometer?  As  the 
experiment  is  illustrated  in  Fig.  1,  Plate  4,  there  is  no  connecticm 
with  the  earth  at  all  (which  would  not  be  the  case,  I  take  it,  if  the 
experiment  were  made  at  a  distance,  and  the  earth  used  in  place 
of  the  return  wire),  and  consequently  there  is  nothing  to  absorb 
the  effects.  I  would  ask  whether  any  difference  in  the  effects 
would  be  produced  if  the  earth  formed  any  part  of  the  arrange- 
ment ?  This  might  be  tried  by  connecting  a  wire  from  the  metal 
screen  to  the  return  wire  from  coil  A. 

The  PRESlDENt :  You  mean  that  instead  of  a  metallic  cinmit 
you  have  an  earth  circuit  ? 

Mr.  C.  E.  Spagnoletti  :  Yes ;  and  attaching  a  wire  from  the 
screen  to  the  earth  also,  so  making  the  earth  form  a  part  of  the 
secondary  circuit,  between  the  screen  and  the  A  coil  circuit* 
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The  President  :  Yes. 

Professor  W.  G.  Adams  :  With  regard  to  the  remark  which 
fell  from  Professor  Ayrton  on  the  question  of  reflection  and 
refraction  of  inductive  action,  I  would  draw  attention  to  Plate  5 
in  the  paper,  which  suggests  the  way  in^ which  the  presence  of  a 
plate  of  metal  modifies  the  form  and  position  of  the  lines  of  force. 
A  change  of  position  of  the  metal  produces  an  alteration  in  the 
form  of  the  lines  of  force,  so  that,  although  previously  there  was 
no  induction  current  in  the  second  coil,  in  their  altered  form  the 
lines  of  force  cut  the  second  coil,  and  a  disturbance  or  induction 
current  is  produced.  This  would  seem  to  be  the  explanation 
suggested  by  the  figure.  The  induction  experiment  with  the 
copper  lens  is  explained  on  the  same  principle  :  the  metal  that  is 
brought  into  the  field  modifies  that  field,  and  so  alters  the  form 
of  the  magnetic  lines  of  force. 

There  is  one  part  of  the  paper  which  stamps  it  as  of  great 
value.  Not  only  has  our  President  told  us  that  time  is  required 
for  these  inductive  actions  to  take  place,  but  he  has  also  laid  down 
the  laws  of  the  action  of  the  screens,  showing  by  tables  and  by 
the  curves  in  Plate  3  the  percentages  for  different  metals  for 
different  rates  of  make  and  break,  or,  we  may  say,  different  periods 
of  continuance  of  the  primary  current.  We  get  at  sight,  for  any 
particular  rate  of  revolution  of  the  contact-breaker  throughout 
a  considerable  range,  the  percentage  of  inductive  action  through 
the  different  metals.  This  is  a  great  step  in  advance,  and  helps  us 
in  establishing  the  laws  of  induction  currents.  I  have  great 
pleasure  in  tendering  your  thanks  to  our  President  for  the  valuable 
and  interesting  communication  which  he  has  given  us  this  evening. 

The  President:  Grentlemen, — to  be  honest  with  you,  I  am 
almost  done  up-~I  have  a  splitting  headache ;  and  you  must 
remember  that  before  your  Council  came  into  this  hall  they  had 
had  two  hours'  hard  work  downstairs  managing  your  business. 
Therefore  those  gentlemen  who  have  spoken  will  perhaps  excuse 
me  if  I  do  not  reply  as  ftilly  as  I  otherwise  would. 

Professor  Adams  has  just  reminded  Professor  Hughes  that  I 
do  state  in  my  paper  that  time  is  a  very  important  element  in. 
measuring  what  I  call  the  inductive  resistance  of  metals. 
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I  am  sorry  I  did  not  quite  grasp  all  Mr.  Adams  said  concern- 
ing his  experiment,  and,  unfortunately.  Professor  Ayrton  has 
removed  Mr.  Adams's  diagram  to  make  room  for  his  own.  But 
I  would  remark  that  any  experiment  in  which  glass  cells,  water, 
high-tension  currents,  and  a  telephone  are  used  requires  more 
than  ordinary  care  to  ensure  reliable  result". 

It  is  very  gratifying  to  me  to  hear  Mr.  Preece  admit  that  I 
have  taught  him  something  this  evening.  Mr.  Preece,  however, 
in  referring  to  my  suggestion  concerning  the  adoption  of  volta- 
electric  induction  to  railway  signalling,  says  that  "  every  cobbler 
should  stick  to  his  last."  I  do  not  quite  see  the  application  of 
the  proverb,  more  especially  as  the  Post  Office  has  not  yet  taken 
over  the  railways.  Electrical  railway  signalling  is  a  subject  that 
I  have  taken  great  interest  in.  Thirty  years  ago,  as  a  young 
man  aspiring  for  fame,  I  exhibited,  at  the  Polytechnic,  an  elec- 
trical railway  signalling  apparatus.  The  instrument  is  still  in 
my  possession,  and  I  often  look  at  it  with  pleasure.  Mr.  Preece 
says  that,  however  foggy  or  dark  it  may  be,  railway  signals  are 
always  distinguishable  at  a  distance  of  ten  yards.  All  I  can  say 
is  that  I  missed  my  way  yesterday  in  the  north  of  London  in  a 
fog  in  which  I  should  have  been  thankful  if  I  could  have  seen  a 
distance  of  three  feet.  I  hope  Mr.  Preece  or  Mr.  Spagnoletti,  or 
some  gentleman  connected  with  railways,  will  try  the  experiment. 
It  would  be  a  very  cheap  system,  and  I  believe  it  would  answer 
all  that  is  required.  As  regards  the  experiments  on  induction 
which  Mr.  Preece  referred  to  as  having  been  published  by  Dr. 
Tribe,  I  know  of  no  such  experiment  by  that  gentleman  ;  but  if 
Mr.  Preece  will  kindly  inform  me  where  the  description  is  to  be 
obtained,  I  shall  be  obliged  to  him,  as  I  take  gi*eat  interest  in  aU 
that  has  been  done  in  induction. 

In  reply  to  Professor  Ayrton,  as  regards  reflection,  I  would 
draw  his  attention  to  my  paper,  in  which  he  will  see  that  I  say, 
"The  phenomenon  of  reflection  appears  to  be  produced  in  a 
somewhat  similar  manner  to  the  reflection  of  light  and  heat." 
With  reference  to  the  "  square  of  the  distance,"  accurate  measure- 
ments have  been  made,  and  I  still  adhere  to  my  statement,  and 
shall  continue  to  do  so  until  by  actual  experiment  the  contrary  is 
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proved.  I  will  ask  Professor  Ayrton  if  he  was  aware,  when 
making  the  electro-magnet  experiment  he  has  mentioned,  with 
the  lens  of  copper  and  the  small  electro-magnet,  that  the  tele- 
phone would  be  aflfected  by  the  magnet,  as  I  have  shown  to-night, 
quite  independently  of  the  coil  or  copper  lens.  If  he  did  not 
then  know  that  fact,  I  am  certain  that  any  experiments  he  made 
in  that  way  were  not  reliable. 

G  entlemen,  all  I  can  add  is,  that  I  have  done  my  best,  and 
am  pleased  if  it  has  met  with  your  approval. 

Professor  W.  E.  Ayrton  2  One  word.  I  would  just  mention 
that  the  telephone  we  tried  was  in  a  diflferent  room  altogether  from 
the  coil.  The  exploring  coil  was  moved  about,  and  the  telephone 
was  listened  to  by  myself  in  a  different  room,  so  that  there  was 
no  fear  of  the  telephone  being  acted  upon  to  any  appreciable 
extent.  There  was  no  failure  in  the  experiment,  as  a  focus  was 
actually  obtained,  but  not  a  focus  produced  by  refraction. 

The  President  :  If  you  will  go  outside  this  room  with  the 
telephone  now  before  you,  and  try  the  experiment  with  this  coil, 
you  will  hear  the  sound  of  the  tuning-fork. 

The  President  then  resumed  the  chair,  and  announced  that 
the  meeting  adjourned  until  November  22nd,  when  a  paper  would 
be  read  by  Messrs.  Trott  and  Hamilton  on  "  Submarine  Cables : 
their  Decay  and  Renewal." 

The  meeting  then  adjourned. 
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• 

The  One  Hundred  and  Twentynsixth  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25y  Great  George  Street,  Westminster,  on  Thursday  evening, 
November  22nd,  1883 — Mr.  Willodghby  Smith,  President, 
in  the  Chair. 

The  President  :  Gentlemen, — At  our  last  meeting  I  had  the 
painful  task  to  perform  of  announcing  to  you  the  death  of  one  of 
our  esteemed  members,  a  gentleman  well  known  to  you  all — 
Mr.  Cromwell  Fleetwood  Varley.  To-night  I  have,  if  I  may  say 
so,  a  still  more  painful  duty,  and  that  is,  to  refer  to  the  death  of 
Sir  William  Siemens,  the  esteemed  first  President  of  this  Society. 
You  have  lately  had  before  you  in  the  public  journals  the  deeds 
of  that  great  man,  and  ther^re  I  will  not  detain  you  to-night  by 
going  over  the  same  grotmd.  In  this  Society  Sir  William  Siemens 
was  well  known,  but  I  am  sure  that  only  those  gentlemen  who 
have  acted  on  the  Coimcil  of  this  Society  can  fully  know  the  loss 
which  it  has  sustained  by  his  decease.  Therefore  it  is  proposed 
that,  out  of  respect  to  his  memory,  this  meeting  adjourn  imtil  he 
is  removed  to  his  last  resting-place.  Previous  to  doing  so,  I 
would  suggest  that  the  meeting  sanction  the  following  resolution 
being  entered  on  our  minutes : — "  That  this  meeting  desires  to 
record  its  deep  sense  of  the  loss  the  Society  has  sustained  by 
the  decease  of  its  eminent  and  esteemed  first  President  and 
friend,  Sir  William  Siemens,  and  its  sincere  sympathy  with 
Lady  Siemens  and  the  members  of  the  family  in  their  bereave- 
ment." 

Captain  S.  Trott  :  Mr.  President  and  gentlemen, — Of  course 
I  came  here  to-night  with  the  intention  of  reading  one  of  the 
papers  announced  for  this  evening.  My  two  friends  Mr.  Hamilton 
and  Mr.  Kingsford,  who  also  intended  to  take  part  in  this  evening's 
papers,  and  I,  belong  to  that  class  of  telegraph  men  who  are 
banished  from  our  homes  to  a  great  extent,  and  we  had  looked 
forward  to  this  meeting  with  pleasure  for  some  time  past,  so  that 
we  might  read  those  papers  on  Submarine  Cables.  It  is  Tiot 
often  that  we  come  to  this  country,  and  therefore  regret  that  our 
intention  cannot  be  carried  out,  but  we  more  deeply  regret  the 
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cause.  There  are  many  gentlemen  present  who  know  that  I 
served  the  late  Sir  William  Siemens  for  something  like  six  years, 
in  command  of  the  "  Faraday,"  and  I  could  not  this  evening  think 
of  standing  before  you  to  read  a  paper  while  his  body  is  lying  at 
a  short  distance  from  here,  and  mourned  by  those  who  were  dear 
to  him ;  so  I  would  gladly  attach  my  name  to,  and  second,  the 
motion  which  our  President  has  proposed. 

The  President  :  I  am  much  obliged  to  Captain  Trott  for  the 
kind  way  in  which  he  has  spoken  of  Sir  William  Siemens,  and 
also  for  the  kind  way  in  which  he  has  foregone  the  reading  of  his 
paper  this  evening.  I  now  move  that  this  meeting  be  adjourned 
until  this  day  week. 

Mr.  W.  T.  Ansell  seconded  the  proposition. 

The  President  :  That,  gentlemen,  concludes  the  business  of 
this  evening,  and  we  hope  to  meet  on  Thursday  next,  when  the 
papers  set  down  for  to-night  wiU  be  brought  before  you. 

The  meeting  then  adjourned. 
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The  One  Hundred  and  Twenty-seventh  Ordinary  General  Meeting 
of  the  Society  was  held  at  the  Institution  of  Ci\dl  Engineers, 
25j  Great  George  Street,  Westminster,  on  Thursday  evening, 
29th  November,  1883 — Sir.  Willoughby  Smith,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meetings  held  on 
November  8th  and  22nd  were  read  and  approved. 

The  names  of  new  candidates  were  announced. 

Donations  to  the  Library  were  announced  as  having  been 
received  from  the  following: — The  Kinetic  Engineering  Company; 
J.  J.  Storrow,  Esq. ;  Latimer  Clark  (Past-President);  J.  Sivewright, 
C.M.G.,  Local  Hon.  Secretary  for  the  Cape  ;  and  a  hearty  vote  of 
thanks  was  accorded  to  the  donors  for  their  presents. 

The  following  paper  was  then  read : — 

TROTT  AND  KINGSFORD'S  AUTOMATIC  GRAPNEL  FOR 
SUBMARINE  CABLES  AND  TORPEDO  LINES. 

Communicated  by  H.  Kingsford,  Associate. 

All  those  who  are  acquainted  with  the  cable-lifting  branch  of 
submarine  telegraphy  are  well  aware  how  important  a  matter  it 
is  in  grappling  to  be  certain  of  the  instant  the  cable  is  hooked. 
This  importance  increases,  of  course,  with  the  age  and  consequent 
weakness  of  the  material,  as  the  injury  caused  by  dragging  a  cable 
along  the  bottom  is  obviously  very  great. 

It  is  easy  also  to  understand  the  fact  that  in  nearly  all  cases 
the  most  delicate  dynamometers  must  fail  to  indicate  immediately 
the  presence  of  the  cable  on  the  grapnel,  more  especially  in  those 
cases  where  a  considerable  amount  of  slack  grapnel-rope  is  paid 
out.  In  many  cases,  therefore,  the  grapnel  will  travel  through 
a  cable  without  the  slightest  indication  (or  at  least  reliable  indi- 
cation) occurring  on  the  dynamometer,  and  perhaps  several  miles 
beyond  the  line  of  cable  will  be  dragged  over,  either  ftxiitlessly,  or 
to  the  peril  of  neighbouring  cables ;  whereas,  should  the  engineer 
be  advised  of  the  cable's  presence  on  the  grapnel,  the  break  will 
probably  be  avoided  and  the  cable  lifted,  at  any  rate  the  position 
of  the  cable  will  be  an  assured  thing. 


^ 
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My  own  knowledge  of  cable  grappling  has  convinced  me  of 
these  facts ;  and  I  am  well  assured  that  those  engineers  at  least 
who  have  been  engaged  in  grappling  for  cables  in  great  depths, 
or  for  weak  cables  in  shallow  water,  will  heartily  agree  with  me. 

In  addition  to  the  foregoing  remarks  re  the  insuflBciency  of  the 
dynamometer  as  an  instrument  for  indicating  the  presence  of  a 
cable  on  the  grapnel,  I  might  remind  engineers  of  the  troubles  and 
perplexities  which  occur  incessantly  in  dragging  over  a  rocky 
bottom.  The  grapnel  hooks  a  rock,  a  large  increase  of  strain  is 
indicated  on  the  dynamometer,  and  it  becomes  doubtful  whether 
the  cable  as  well  is  hooked  or  not.  Again,  it  frequently  happens 
in  grappling  over  a  rocky  bottom  that  one  or  more  prongs  are 
broken  off,  the  grapnel  thus  becoming  useless,  great  waste  of  time 
being  thus  occasioned.  Fully  realising  all  the  diflSculties  herein 
enumerated,  it  occurred  to  me  that  a  grapnel  might  be  constructed 
in  such  a  manner  as  to  automatically  signal  by  electrical  means 
the  hooking  of  the  cable,  while  it  would  igpiore  all  strain  that 
external  causes  might  bring  to  bear  on  it,  and  thereby  obviate 
the  uncertainties  attached  to  the  use  of  the  grapnels  at  present  in 
vogue.  To  effect  this,  I  desigpied  early  in  1881  a  grapnel  fitted  in 
each  prong  with  an  insulated  conducting  surface,  and  a  plunger 
and  pin  so  arranged  that  the  cable,  when  hooked,  should  by  the 
pressure  that  it  would  bring  to  bear  on  any  of  the  plungers,  cause 
the  pin  to  come  in  contact  with  the  conducting  sur&ce,  itself  in 
electrical  communication  with  any  suitable  current  detecter  and 
battery  on  board  the  repairing  ship,  and  thereby  complete  the 
circuit.  This  grapnel  was  successfully  used  on  the  Anglo- 
American  Telegraph  Company's  repairing  steamer  "Minia**  in  the 
summer  of  1881,  and  a  patent.  No.  13,665,  was  granted  ma  in 
Canada  for  the  same,  on  November  10th  of  that  year. 

Subsequently,  in  discussing  the  construction  of  the  grapnel 
with  Captain  Trott,  we  concluded  that  something  was  yet  wanted 
to  render  the  successful  working  in  deep  water  absolutely  sure, 
and  we  decided,  consequently,  to  make  certain  alterations,  and  to 
secure  the  improved  form  of  apparatus  in  England,  France,  the 
United  States,  and  Canada.  These  patents  have  been  granted, 
and  patents  have  been  applied  for  also  in  Germany  and  Belgium 
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This  improved  form  may  be  constructed,  either  with  a  contacts 
plate  in  each  prong,  or  with  one  contact-plate  common  to  all  the 
prongs :  the  latter  is  somewhat  simpler,  and  is  therefore  the  plan 
that  we  usually  adopt.  Both  forms  are  shown  in  the  accompany- 
ing diagrams.  The  form  of  grapnel  in  Diagram  lHoi.  1  has  one 
advantage  over  the  other  in  this  respect,  viz.,  that  should  a  prong 
be  ruptured  so  as  to  render  it  useless,  the  £bu^  would  immediately 
be  known  on  board.  A  circuit  formed  in  such  a  manner,  by  the 
breaking  off  of  a  branch  lead,  would  have  greater  resistance  than 
that  formed  by  the  contact  resulting  from  pressure  o£  cable  on 
the  plungers:  this  difference  would  be  manifested  on  the  indicator 
(of  low  resistance)  placed  in  circuit  with  the  alarm-beU,  or,  if  any 
doubt  remained,  a  Wheatstone's  bridge,  or,  simpler  still,  a  telephone 
might  be  made  use  of. 

In  some  cases  we  may  protect  the  plungers  from  the  pressure 
of  ooze,  etc.,  by  guards  fitted  to  the  stem  of  the  grapnel,  but 
in  practice  we  have  not  found  these  to  be  necessary. 

The  water  is  allowed  free  access  around  and  about  each 
separate  part,  in  order  that  its  pressure  shall  be  equal  on  all 
sides.  This  arrangement  renders  the  grapnel  as  effectual  in  the 
deepest  as  in  the  shallowest  water. 

By  making  the  plungers  in  two  pieces,  with  a  rubber  washer 
or  its  equivalent  between  them,  we  prevent  mud  or  ooze  from 
getting  behind  and  interfering  with  their  working. 

As  the  hole  in  the  rubber  surrounding  the  contact-plate^, 
caused  by  the  passage  of  the  pin  through  it,  clbses  up  as  soon  as 
the  pressure  is  removed,  leaving  in  the  rubber  a  fault  of  exceed- 
ingly high  resistance,  the  rubber  does  not  require  renewing. 

In  the  rubber  in  which  we  embedded  the  contact-plate,  we  place 
a  layer  or  more  of  tinfoil  or  other  easily  pierced  conducting 
surface,  through  which  the  pin  pasSes  on  its  way  to  the  contact- 
plate  proper.  This  method  we  have  adopted  ini  order  to  make  the 
assurance  of  contact  doubly  sure. 

The  grapnel  just  described  we  have  had  in  use  on  the  "  Minia** 
since  April  last.    We  have  tried  it  severely,  and  have  never  known 
it  to  fail.     No  swivel  has  been  used  with  the  rope,  in  the  heart  of 
which  is  the  insulated  wire,  as  it  would  allow  the  gcapnel  to  turn 
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over  on  the  bottom,  and  would  be  apt  to  twist  and  break  the  wire 
short  off.  As  a  matter  of  fact,  the  grapnel  will  turn,  and  does 
turn,  with  the  rope ;  a  swivel  is  therefore  of  no  value.  We  are 
perfectly  awake,  however,  to  the  fact  that  a  grappling-rope  should 
be  made  in  a  manner  that  will  not  allow  it  to  kink;  and  engineers 
should  avail  themselves  of  such  rope,  especially  in  deep  water. 
Patents  have  lately  been  granted  to  Messrs.  Trott  &  Hamilton  for 
the  invention  of  a  form  of  rope  or  cable  answering  all  the  require- 
ments of  this  work. 

A  small  type  of  grapnel  fitted  in  the  manner  I  have  described 
may  be  very  advantageously  used  for  searching  purposes,  to 
ascertain  the  position  either  of  telegraph  or  torpedo  lines:  by 
towing  at  a  quick  rate  much  time  may  be  saved.  The  position 
being  ascertained,  if  it  be  not  desired  to  lift  the  cable,  the  grapnel 
can  be  released  and  hove  on  board  by  a  tripping  line,  which  can 
always  be  attached  when  such  work  is  contemplated.  The  great 
importance  of  being  able  to  localise  an  enemy's  torpedo  lines 
without  raising  an  alarm  will  be  readily  seen  by  engineers  engaged 
in  torpedo  work. 

Bsf  IRXNCB8  TO  THI  DIAGRAMS. 

a  is  the  stem  of  the  grapnel  containing  core. 

h,  flakes. 

e,  recess  for  insulated  contact-plate  connected  to  core. 

d,  covering  plate  screwed  on  bottom  of  grapnel. 

«,  batton  of  plug. 

/,  rubber  washer  and  batton. 

$r,  metal-plate. 

^yStem  of  plug,  on  which  in  the  under  counter-sink  «n"  is  a  smaU 

metal  disc  which  prevents  the  fittings  from  falling  out. 
i,  needle, 
j.  spring. 

Ic,  counter-fink  for  head  of  plug. 
I,  counter-sink  for  spring. 

The  President  :  I  think,  for  the  purposes  of  discussion^  we 
may  consider  the  two  papers  set  down  for  this  evening  as  one, 
and  therefore  we  will  let  the  discussion  follow  the  reading  of  the 
second  paper. 
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The  following  paper  was  then  read : — 

SUBMARINE  TELEGRAPH  CABLES :  THEIR  DECAY  AND 

RENEWAL. 
By  Samuel  Trott  and  P'rederic  Adam  Hamilton,  Associates. 

When  we  consider  the  enormous  extension  of  ocean  telegraphy 
daring  the  last  few  years,  it  is  somewhat  surprising  that  so  little 
information  has  been  imparted  concerning  the  condition  of  cables 
after  various  periods  of  submersion ;  and,  as  the  subject  is  both 
interesting  and  important,  we  propose  submitting  to  the  Society 
the  result  of  some  of  our  own  experience  in  connection  with  the 
submerging  and  repairing  of  submarine  lines. 

As  some  ocean  cables  have  now  been  submerged  for  consider- 
able periods,  and  very  large  sums  have  to  be  expended  in  keeping 
them  alive,  we  will  offer  a  few  remarks  on  some  of  the  causes  of 
rupture  and  decay  to  which  these  costly  properties  are  liable,  and 
state  our  views  with  regard  to  the  measures  that  should  be 
adopted  in  order  to  reduce  these  serious  casualties  to  a  minimum. 

It  is  mmecessaiy  to  explain  in  this  paper  how  submarine 
cables  are  manufactured,  and  of  what  materials  they  are  com- 
posed, seeing  that  we  are  all  so  familiar  with,  or  at  any  rate  have 
access  to,  publications  bearing  on  the  subject.  It  is  sufficient  for 
OS  to  observe  that  the  leading  characteristics  with  regard  to  the 
form  or  type  of  cable  adopted  in  the  earliest  period  in  the  history 
of  submarine  telegraphy  have  been  rigidly  adhered  to  up  to  the 
present  time. 

We  intend  to  confine  our  remarks  in  this  paper  to  Atlantic 
cables — ^first,  because  they  are  the  most  important,  and  secondly, 
on  account  of  their  being  the  ones  with  which  we  are  most 
&miliar. 

The  principal  accidents  to  which  these  cables  are  liable  may 
be  briefly  enumerated,  as  follows : — Abrasion  by  ice  and  on  rocky 
and  stony  bottom ;  ruptures  caused  by  vessels'  anchors ;  injuries 
inflicted  by  marine  insects ;  and  the  wringing  asunder  of  ilie  core 
by  the  iron  wi/res. 

•  Accidents  arising  from  the  first  cau£e  have  not  been  numerous ; 
indeed,  taking  into  consideration  the  heavy  masses  of  ice  that 
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beset  the  coasts  and  banks  of  Newfoundland  and  Cape  Breton 
Island,  and  extend  far  west  along  the  shores  of  Nova  Scotia,  it  is- 
marvellous  that  so  few  cases  of  crushing  have  occurred. 

With  regard  to  breaks  on  rocky  and  stony  bottom,  it  is  worthy 
of  remark  that,  excepting  in  the  case  of  those  which  have  taken 
place  in  the  immediate  vicinity  of  the  shore  or  in  very  shallow 
water,  few  can  be  recorded ;  and  we  may  here  state,  as  the  result 
of  long  and  careful  observation,  that  cables  are  rarely  chafed 
through,  and  we  believe  that  injuries  attributed  to  this  agency 
should  in  some  instances  be  put  down  to  quite  another  cause. 

The  number  of  breaks  which  have  occurred  to  some  cables,  in 
consequence  of  fishing  vessels  hooking  them  with  their  anchors, 
is  greatly  in  excess  of  those  brought  about  by  any  other  means ; 
but  as  these  accidents  are  to  a  great  extent  unavoidable,  and  are 
easily  and  rapidly  repaired,  we  will  dismiss  this  portion  of  our 
subject  with  the  remark,  that  considering  the  number  of  vessels 
engaged  in  the  great  fisheries  on  the  banks  lying  between  the 
meridians  of  48**  and  70°  west,  the  wonder  is  that  the  cables  are 
not  broken  fiir  more  frequently. 

In  reference  to  faults  caused  by  marine  insects,  it  can  be  said 
that,  although  the  Atlantic  cables  have  not  enjoyed  a  complete 
immunity,  they  have  been  remarkably  free  from  any  very  serious 
attacks  of  these  borers,  and,  as  their  assaults  can  be  repelled  by 
well-known  means,  we  do  not  consider  the  question  a  very  promi- 
nent one,  as  far  as  Atlantic  cables  are  concerned. 

We  now  have  to  consider  the  most  serious  of  all  accidents  ta 
which  submarine  cables  are  liable  during  the  process  of  submer- 
sion, whilst  being  hove  in,  and  after  having  been  successfiiUy 
deposited  in  the  depths  of  the  ocean. 

All  who  are  familiar  with  the  history  of  Atlantic  cables  will 
remember  the  very  interesting  account  of  the  early  eflForts  made 
to  connect  the  two  continents,  and  how,  in  spite  of  difficulties 
which  we  will  not  stop  to  discuss,  these  eflForts  were  crowned  with 
success.* 

A  careful  perusal  of  this  detailed  account—  one  of  the  few  con- 

•  «*  The  Atlantic  Teleg:raph,"  by  W.  H.  BuBsell,  LL.D. 
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ceming  such  undertakings — ^will  suggest  the  enquiry,  How  is  it 
that  cables  suddenly  sever  during  the  process  of  laying  or  whilst 
being  picked  up,  without  any  abnormal  strain  being  indicated  or 
applied?  And  why  do  they,  in  an  equally  mysterious  manner, 
break  in  deep  water,  after  having  been  successfully  submerged  ? 
In  the  work  to  which  we  have  alluded,  such  remarks  as  the 
following  are  of  frequent  occurrence : — "  When  suddenly  the  con- 
tinuity of  the  electric  current  ceased,  and  the  electricians  declared 

that  the  cable  had  broken  at  the  bottom It  snapped  close 

to  the  ship The  electricians  on  board  reported  that  con- 
tinuity had  ceased When  suddenly  it  snapped,  without 

any  perceptible  cause,  under  a  strain  of  only  2,200  pounds 

The  strain  o7he4hird  less  than  breaking  strain^  everything  favour- 
able, and  yet  the  cable  parted,  silently  and  sudderdyT  Speaking 
of  one  disaster  in  particular,  Dr.  Bussell  says :  "  The  two  other 
breaks  might  be  accounted  for  and  guarded  against  for  the  future, 
but  there  was  something  in  the  latter  not  so  easy  of  explanation, 
and  which  seemed  to  point  to  some  mysterUms  agency  existing  i/n 
the  depths  of  tlie  ocean,  beyo7id  the  perception  of  science  or  man^s 
control^ 

The  agency  described  as  mysterious  still  exists,  and  the  history 
of  some  of  the  most  recent  Atlantic  cables,  if  published,  would 
prove  that  these  so-called  improved  types  are  liable  to  the  same 
mishaps  as  those  we  have  mentioned ;  indeed,  they  are  even  more 
liable,  for  notwithstanding  their  strength,  it  is  quite  as  difficult, 
and  even  more  so,  to  recover  them  from  deep  water. 

It  is  greatly  to  be  regretted  that  records  such  as  Dr.  Bussell's 
have  not  been  published  respecting  other  and  more  recent  cable 
expeditions. 

After  years  of  experience  in  submarine  telegraphy,  we  natnraUy 
arrive  at  conclusions  different  to  those  held  by  some  of  our  prede- 
cessors and  contemporaries;  and  although  we  have  no  right  ta 
attack  the  past  or  the  present,  we  are  perfectly  justified  in  review- 
ing both.  We  should  certainly  be  wanting  in  ordinary  perception 
if  we  failed  to  read  between  the  lines  when  studying  some  of  our 
records  concerning  Atlantic  cables. 

When  we  consider  the  misfortunes  which  have  attended  some 
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of  the  more  recent  operations  in  the  Atlantic,  we  feel  that  the 
time  has  come  when  the  question  as  to  the  reason  for  such  expen- 
sive and  disastrous  results  should  be  fully  discussed.  This  brings 
us  to  the  question.  Why  do  cables  suddenly  sever  in  deep  water 
whilst  being  submerged  or  when  being  picked  up,  and  even  after 
being  successfully  submerged  ? 

Iron-armoured  cables  have  a  strong  tendency  to  twist  or  curl, 
as  the  spiral  lay  of  the  wires  imparts  a  constant  helical  force  in  a 
direction  contrary  to  the  lay. 

Consequently,  any  slack  given  is  apt  to  result  in  a  kink  or  a 
succession  of  kinks,  which  is  followed  by  a  wringing  asunder  of 
the  fabric  when  the  strain  is  renewed.  This  accounts  for  most  of 
the  misfortunes  which  have  happened  in  submerging  some  cables, 
for  whenever  it  became  necessary  to  stop  or  slacken  speed  in 
shifting  from  one  tank  to  another,  or  for  some  other  purpose,  the 
risk  of  this  accident  has  always  been  incurred. 

An  iron-armoured  cable  cannot  be  recovered  from  deep  water 
excepting  in  short  lengths,  because  the  operation  of  heaving  in 
causes  the  armour  to  unlay  or  untwist,  and  this  results  in  an 
accumulation  of  turns  at  and  near  the  ocean  bed,  and  a  wringing 
or  wrenching  asunder  of  the  fabric  is  sure  to  occur. 

Cables  sometimes  break  in  deep  water,  because  when  the  iron 
wires  become  weakened  by  corrosion  the  curling  or  untwisting 
tendency  is  unopposed,  and  the  stronger  portions  on  either  side 
of  the  weakened  spot  untwist,  thus  exerting  a  force  contrary  in 
direction  on  each  side,  but  concentrated  in  action  at  the  damaged 
portion. 

This  is  the  whole  secret — this  is  the  mysterUms  agency ,  and 
thus  it  is  that  the  most  serious  cause  of  injury  to  submarine 
cables  must  be  attributed  to  the  iron  wires. 

We  think  we  have  shown  that  iron  wires  for  deep-sea  cables 
are  not  only  undesirable,  but  deleterious.  That  this  so-called 
protective  material  has  caused  the  loss  of  the  1865  and  1866 
cables  we  have  conclusive  evidence  to  show ;  and  it  may  reason- 
ably be  assumed  that  the  same  destructive  agency  which  we  have 
described  is  still  at  work,  so  that  it  becomes  an  imperative 
necessity  to  endeavour  to  provide  a  remedy,  or  at  least  to  try  to 
mitigate  in  some  degree  the  evils  arising  from  the  cause  named. 
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The  following  opinions  will,  we  think,  be  taken  in  evidence  in 
support  of  our  statements  respecting  the  '65  and  '66  Atlantic 
cables : — 

At  the  half-yedrly  meeting  of  the  Anglo-American  Telegraph 
Company,  held  February  7th,  1879,  Lord  Monck  said:  "The 
failure  of  the  1866  cable  was  caused  by  oxidation  of  the  iron  wires 
and  decay  of  the  hemp."* 

Mr.  W.  JI.  Preece,  in  a  Cantor  lecture,  delivered  April  28th, 
1879,  said :  "  Submarine  cables  are  really  practically  of  only  one 
type.  .  ...  The  form  of  the  Atlantic  cable  of  '65  and  '66,  which 
is  similar  to  that  of  many  other  cables,  was  deficient,  inasmuch  as, 
while  it  possessed  suflScient  strength  to  enable  it  to  be  submerged, . 
it  had  not  sufficient  durability  to  retain  that  strength  to  enable  it 
to  be  brought  to  the  surface  again  in  a  sufficient  length  to  enable 
them  to  effect  repairs.  .  .  .  Sometimes  the  cables  rest  on  corrosive 
stones,  copper  ores,  and  ironstone,  when  corrosion  sets  in  and  causes 
the  cables  to  speedily  fail." 

The  following  communication  in  regard  to  the  abandonment 
of  the  eflFort  to  recover  and  repair  the  1866  Atlantic  cable  appeared 
in  the  London  morning  papers  of  July  28th,  1878 : — 

"The  steamships  *  Seine'  and  *  Calabria,'  which  were  sent  out 
by  this  Company  at  the  end  of  May  for  the  recovery  and  repair  of 
the  1866  cable,  returned  to  London  this  morning.  The  cable  has 
been  hooked  several  times,  and  partially  raised  to  the  surface  ;  but 
the  outside  iron  wires  were  so  weak  from  the  effects  of  oxidation, 
that  its  repair  was  considered  impracticable  by  the  engineers  in 
charge  of  the  expedition. 

"(Signed)  Henry  Weaver, 

"GtfTMraZ  Managir, 
«  Anglo-American  Telegraph  Company,  Limited, 
"  86,  Old  Broad  Street,  London,  E.G." 

Mr.  John  Peuder,  M.P.,  stated,  December  4th,  1878,  "that  it 
had  been  proved  that  the  sea,  instead  of  destroying  the  gutta 
percha,  had  the  opposite  eflFect :  it  was  only  the  iron  wires  that 
were  affected^ 


•  Hemp  is  practically  indestructible,  excepting  when  in  contact  with  iron. 


600  8UBMABINE  TELEaBAFH  CABLES :  [Nov.  29th, 

Sir  WiUian  Thomson  has  also  stated  "  that  the  presence  of 
carbonic  acid  in  water  is  the  great  cause  of  iron  being  corroded."* 

We  could  continue  to  produce  evidence  of  this  description,  and 
we  have  no  doubt  that  there  are  some  belonging  to  this  Society 
who  are  able  to  endorse  the  statements  already  advanced,  viz., 
that  gutta  percha  is  practically  indestructible,  but  iron  wire  has 
caused  the  loss  of  many  miles  of  submarine  cables,  and  that, 
excepting  when  in  contact  with  iron,  vegetable  fibre  is  inde- 
structible. 

We  could  cite  numerous  instances  of  cables  having  been  lifted 
from  considerable  depths  solely  by  means  of  the  yam  portion  of 
the  fabric,  which  retained  its  strength  sufficiently  to  bear  the 
superincumbent  weight  of  oxidised  iron  wires.  The  core  serving, 
which  is  composed  of  common  jute  yam,  has  time  after  time  done 
duty  as  the  strength-giving  material,  although  only  intended  as  a 
padding  for  the  iron  armour.  This  core  serving  is  invariably 
recovered  in  a  wonderful  state  of  preservation,  but  the  yams 
which  envelope  the  iron  wires  suffer  deterioration  whenever  the 
latter  become  oxidised. 

The  testimony  with  regard  to  the  enduring  qualities  of  vege- 
table fibrous  material  is,  in  our  opinion,  so  overwhelming,  that  we 
are  justified  in  believing  it  will  be  readily  admitted  that  a  cable 
constructed  without  iron  wires,  and  with  the  strength-giving 
material  composed  of  hemp,  will  not  possess  within  itself  the 
elements  of  decay. 

In  the  case  of  close-armoured  cables  covered  with  an  outside 
serving  carrying  bituminous  compound,  oxidation  is  certainly 
retarded,  but  on  some  bottoms  this  is  only  the  case  to  a  very 
slight  extent,  so  that  it  must  be  admitted  that,  wherever  corrosion 
sets  in  and  destroys  the  iron  wires,  they  have  proved  themselves  a 
source  of  weakness  instead  of  strength ;  for  where  repairs  are 
effected  to  cables  in  which  the  iron  wires  are  useless,  and  the 
yam  portion  is  the  means  by  which  the  repair  is  axM^mplished,  it 


•  Vide  table  showing  amount  of  carbonic  acid  contained  in  sea-water  at 
various  stations  in  the  Atlantic.  Appendix  C,  «*  Voyage  of  the  •  Challenger,'  *' 
Tol.  n.,  page  884. 
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is  plain  that  the  iron  is  only  an  encumbrance.  If  the  iron  armour 
has  to  be  protected  l)y  means  of  vegetable  fibre  and  bituminous 
compound,  why  cannot  a  less  perishable  material  be  more 
eflFectually  protected  with  the  same  coatings  ? 

Whenever  close-armoured  cables  suflfer  corrosion,  the  wringing 
asunder  of  the  core  is  more  likely  to  occur  than  it  is  in  the  case 
of  a  strand  cable ;  for  if  the  corrosive  action  is  confined,  as  is  often 
the  case,  to  one  particular  spot,  on  either  side  of  which  there  is  a 
considerable  length  unattacked,  the  untwisting  of  the  armour  at 
the  weak  place  exerts  a  more  powerful  force  than  that  which 
would  follow  under  similar  conditions  on  a  strand  cable.  Xf  the 
deterioration  were  general  for  any  considerable  length,  there  would 
be  less  danger  of  rupture,  for  then  the  turns  resulting  firom  the 
untwisting  would  be  distributed. 

We  are  aware  that  various  types  of  light  cables  have  been 
devised,  and  that  the  question  has  been  discussed  from  time  to 
time  by  the  members  of  this  Society  and  by  others;  but  the 
subject  has  been  allowed  to  drop,  partly  on  account  of  the  fact 
that  some  unsatisfactory  feature  has  rendered  the  adoption  of  the 
suggested  type  undesirable,  and  partly  because  of  the  very  strong 
feeling  which  exists  in  favour  of  heavy  armour ;  and  we  must  say 
that,  were  it  not  that  our  convictions  compel  us  to  arrive  at 
conclusions  in  &vour  of  the  entire  abolition  of  the  use  of  iron 
wire  for  the  deep-sea  portion  of  an  Atlantic  cable,  we  should 
hesitate  before  venturing  to  do  otherwise  than  accept  the  opinions 
advanced  in  support  of  the  use  of  such  material. 

We  are  convinced  that  a  renewal  of  this  question  cannot  fail 
to  prove  beneficial  to  the  cable  companies  and  the  public  gene- 
rally ;  and  we  are  sure  it  will  meet  with  that  consideration  on  the 
part  of  this  Society  which  so  important  a  subject  demands. 

We  will  now  proceed  to  state  what,  in  our  opinion,  is  the  most 
suitable  type  of  cable  for  the  deep  Atlantic. 

The  strength-giving  material,  by  means  of  which  the  core  can 
be  submerged  and  recovered,  should  consist  of  fibrous  yams  or 
strands  made  up  in  such  a  manner  that  any  twisting  or  wringing 
of  the  fabric  is  prevented ;  and,  in  order  to  accomplish  this,  we 
lay  over  the  insulated  conductor  a  series  of  spiral  or  helical 
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servings  of  non-metallic  fibres,  yams,  or  cords,  laid  alternately 
left  and  right,  the  fibres^  yamSy  or  cords  of  each  serving  being 
twisted  in  a  di/redion  the  reverse  of  thai  in  which  they  are  wound 
abovi  the  insvlated  conductor. 

This  point  or  feature,  although  at  first  sight  a  trifling  con- 
sideration, is  of  the  utmost  importance,  as  it  constitutes  the  gist 
and  substance  of  the  principle  by  means  of  which  any  twisting  or 
knuckling  of  the  cable  is  prevented;  for  it  will  be  seen  that,  if  the 
yams  or  cords  of  each  serving  be  similar, — that  is  to  say,  if  they 
be  twisted  in  the  same  direction  in  forming  them, — the  cable  will 
kink,  notwithstanding  the  servings  be  wound  alternately  in  right 
and  left  hand  spirals  about  the  core. 

In  the  accompanying  drawings.  Figs.  1, 2, 3  and  4  represent  the 
yams  and  cords  with  which  the  insulated  conductor  may  be  served. 
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and  Figs.  5  and  6  represent  completed  cables  made  up  of  such 
yams  and  cords. 

In  the  case  of  a  cable  constructed  as  shown  in  Fig.  5,  it  is 
obvious  that  the  natural  tendency  of  the  first  layer  or  serving  to 
untwist  will  have  the  efiect  of  twisting  up,  and  consequently 
hardening,  the  yams  composing  such  layer,  as  the  yams  are  laid 
on  in  the  opposite  direction  to  that  in  which  they  are  twisted. 

So,  likewise,  the  following  layer  or  serving,  being  composed  of 
yams  twisted  oppositely  to  those  of  the  first  layer,  and  wound 
around  in  a  reverse  direction,  will  not  only  oppose  any  untwisting 
tendency  of  the  preceding  layer,  but  be  hardened  and  consolidated 
in  like  manner,  and  the  whole  fabric  will  be  compensating  in 
character — that  is  to  say,  the  outer  layer  will  prevent  the  inner 
layer  from  causing  any  kinking  or  knuckling,  and  the  like  eflFect 
will  be  produced  on  the  part  of  the  inner  layer. 


THEla  DECAY  AND  EENEWAL. 


The  same  result  will,  it  is  obvious,  be  produced  by  means  of 
the  cords  shown  in  Figs.  3  and  4,  when  laid  od  in  the  maimer 


illustrated  in  Fig.  6 ;  and  it  is  also  equally  plain  that  the  laying 
on  of  the  spirals  may  begin  either  to  the  right  or  to  the  left,  the 
VOL.  xn.  34 
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essential  point  in  this  regard  being  that  succeeding  ^irals  shall 
reverse  their  direction. 

The  servings  may  be  coated,  saturated,  or  filled  with  tar, 
bitumen,  asphalt,  or  other  preservative  material,  and  may  be 
wrapped  with  yam  or  tape. 

A  cable  such  as  we  have  described  would  not  only  be  more 
durable  than  an  iron-armoured  one,  but  could  be  recovered  with 
ease  and  certainty  from  any  depth. 

Strength,  lightness,  and  durability  are,  we  aflSrm,  among  the 
chief  requirements  in  a  submarine  cable,  and  these  qualifications 
are  to  be  found  in  the  type  which  we  now  submit  to  the  considera* 
tion  of  this  Society.  We  have  reduced  this  paper  to  the  smallest 
possible  limits,  but  trust  that  our  remarks  will  give  rise  to  a 
thorough  investigation,  and  that  we  shall  have  the  opportunity  of 
studying  the  views  of  others  before  going  further  into  details. 

The  President  :  If  I  may  be  allowed  to  use  a  phraseology 
which  has  often  been  heard  in  Westminster,  I  would  say  that 
Messrs.  Trott  and  Hamilton  have  moved  for  a  new  trial  of  a  very 
old  case,  which  has  been  before  the  Court  on  several  occasions.  I 
refer  to  the  case  of  Hemp  verati^  Iron,  first  tried  about  31  years 
ago,  as  to  which  should  be  the  protector  of,  at  that  time,  a  young 
stripling  christened  "G.P.  core."  The  trial  extended  over 
several  years,  and  created  a  great  deal  of  interest,  but  eventually 
the  verdict  was  given  in  favour  of  Iron.  My  whole  interest  m 
those  days  was  wrapped  up  in  that  stripling ;  for  I  knew  sufficient 
of  his  character  to  predict  that,  if  used  well  and  properly  cared 
for,  he  would  grow  to  be  a  great  benefactor  to  the  whole  human 
race ;  and  I  am  proud  to  think  that  I  have  been  spared  to  see  my 
prediction  more  than  realised. 

I  watched  this  case  with  great  interest,  because  it  occurred  to 
me  that  it  was  from  no  special  love  to  "  G.P.  core "  that  the 
contending  parties  fought  so  tenaciously  for  his  protection. 

When,  in  1856,  it  was  proposed  to  lay  a  cable  across  the 
Atlantic,  Hemp  moved  for  a  new  trial,  on  the  ground  that  Iron 
was  not  a  suitable  protection  for  so  great  a  distance.  On  this 
occasion  over  70  different  specimens  were  submitted  to  experiment 
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by  Messrs.  Hemp  and  Iron.  The  verdict  was  again  given  in 
favour  of  Iron ;  and  no  doubt  most  of  you  are  aware  that  the  first 
Atlantic  cable  consisted  of  a  G-.P.  core  with  a  serving  of  hemp, 
aroimd  which  were  laid  18  strands  of  iron,  each  strand  being 
composed  of  several  small  wires.  It  is  unnecessary  for  me  to  go 
into  the  details  of  the  manufacture  and  laying  of  that  cable. 
Suffice  it  to  say,  that  the  first  attempt  to  lay  the  cable  in  1857 
failed.  In  1858  the  attempt  was  more  successful,  and  the  cable 
was  laid ;  but  it  had  been  so  knocked  about  and  badly  used,  that 
poor  "  G-.P.  core  "  was  nearly  dead  when  landed  on  the  shore  of 
Newfoundland.  But  the  fact  should  not  be  lost  sight  of  that  the 
laying  of  that  cable  did  a  great  deal  towards  the  ultimate  success 
of  Atlantic  telegraphy.  Previous  to  the  laying  of  that  cable, 
men  whose  opinions  in  nautical  matters  were  considered  of 
importance,  stated  that  it  was  impossible  to  lay  such  a  cable ; 
and  there  were  electricians  who  boldly  asserted  that  if  it  were 
laid  it  could  not  be  worked.  The  actual  laying  of  this  cable, 
bad  as  it  was,  put  all  those  gentlemen  to  silence,  for  it  proved 
that  a  cable  could  be  both  laid  and  worked. 

But  the  whole  history  of  the  expedition  encouraged  Hemp  to 
move  for  a  new  trial,  on  the  plea  of  Iron's  cruelty  and  total 
unsuitableness  for  the  work  required  to  be  done.  Iron  retorted 
that  Hemp  had  proved  itself  to  be  more  unsuitable,  and  instanced 
how  lamentably  it  had  failed  in  the  Irish  Channel,  where,  in  the 
interstices  of  a  large  three-strand  hemp  rope,  two  insulated  wires 
were  placed.  In  the  attempt  to  lay  the  same  from  Donaghadee 
to  Port  Patrick,  it  was  with  great  difficulty  they  got  it  to  leave  the 
ship,  and  when  it  did  go  overboard  it  would  not  sink ;  and  after 
using  every  available  piece  of  iron  on  board,  from  the  boatswain's 
marlin  spike  to  the  cook's  pannikin,  the  cable  was  abandoned  to 
its  fate.  Iron  also  instanced  the  loss  of  eight  hundred  miles  of 
hemp  cable  in  the  three  attempts  to  connect  Crete  and  Alexandria, 
and  that  eventually  iron  was  employed  and  proved  successful. 
The  hearing  of  the  case  extended  over  five  years,  and  at  length 
finished  with  a  kind  of  compromise,  that  is  to  say,  it  was  decided 
that  the  next  Atlantic  cable  to  be  laid  in  1865  should  consist  of  a 
G.P.  core  served  with  hemp  in  the  usual  manner,  and  then 
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surrounded  with  ten  solid  iron  wires,  each  wire  having  been 
previously  covered  with  hemp.  It  is  well  known  that,  after 
having  successfully  laid  1,200  miles  of  that  cable,  it  parted  while 
endeavouring  to  recover  a  fault  that  had  passed  into  the  sea,  and 
the  expedition  returned  unsuccessful  for  that  year.  But  in  the 
following  year,  after  having  made  sufficient  cable  for  a  new  line, 
it  was  successfully  laid  without  a  hitch ;  and  then  the  lost  end  of 
the  cable  of  the  previous  year  was  recovered,  and  that  line  was 
completed  also,  thus  establishing  communication  between  England 
and  America  by  the  lines  known  as  the  1865  and  1866  cables. 

With  these  preliminary  remarks,  I  will  just  refer  to  one  or  two 
of  the  points  mentioned  in  the  paper. 

First,  an  expression  is  used  in  the  paper  which  is  new  to 
me,  that  is, "  the  wringing  asimder  of  the  core  by  the  iron  wires." 
I  have  never  heard  of  such  a  thing  as  that.  From  it  one  would 
imagine  that  if'  a  piece  of  core  were  twisted  it  went  in  two  at 
once ;  but  let  me  ask.  How  many  twists  will  a  length  of  core 
stand  before  breaking  ?  I  cannot  say,  because  I  never  had  the 
patience  to  go  far  enough,  but  I  have  twisted  it  fifty  times  with- 
out obtaining  a  break,  and  then  the  core  was  apparently  iminjured. 
The  copper  strands  will  show  that  they  have  been  twisted  into  a 
shorter  lay,  but  the  core  cannot  be  pulled  asimder,  and  I  do  not 
think  that  there  is  an  instance  on  record  (I  cannot  think  of  one) 
where  a  cable  core  has  been  twisted  in  the  manner  mentioned  in 
the  paper. 

Next, — "We  now  have  to  consider  the  most  serious  of  all 
accidents  to  which  cables  are  liable  during  the  process  of  sub- 
mersion." Well,  gentlemen,  I  may  mention  that  the  Company 
to  which  I  have  the  honour  to  be  connected — and  I  refer  to  it 
because  I  can  vouch  from  immediate  personal  experience  for 
everything  I  state  connected  with  it — that  Company  has  laid 
94,000  miles  of  submarine  cable,  and  yet  never  once  have  I  known 
of  a  cable  parting  whilst  being  laid. 

Further,  the  authors  of  the  paper  have  quoted  fh)m  a  book 
written  by  Dr.  Kussell  in  1865,  and  what  is  quoted  is  not  written 
of  that  gentleman's  own  knowledge,  for  it  will  be  found  in  the 
preface  of  that  book  that  reference  is  made  to  the  cable  attempted 
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to  be  laid  in  1857.  I  must  say,  that  between  1857  and  now  we 
ought  to  be  better  informed  than  to  have  to  go  back  to  that  book 
for  what  has  occurred  in  submarine  cable  laying.  If  Messrs.  Trott 
and  Hamilton  were  about  to  introduce  certain  improvements  in 
steamers,  surely  they  would  not  base  their  idea  of  improvement 
upon  what  they  had  read  relating  to  the  first  steamer  that  crossed 
the  Atlantic,  ignoring  all  that  has  been  done  in  the  meantime ; 
and  that  appears  to  me  to  be  similar  to  what  they  have  done  in 
quoting  Dr.  Russell's  book  in  relation  to  submarine  cables. 

It  is  also  stated  in  the  paper  that  there  is  a  ^^  mysterious  agency 
existing  in  the  depth  of  the  ocean."  I  am  sorry  that  Sir  Charles 
Bright  is  not  here  this  evening,  because  he  had  more  to  do  with 
the  1857  cable  than  I  had;  but  I  do  not  think  there  was  anything 
mysterious  about  it.  It  was  a  badly  made  cable,  and  was  pulled 
about  terribly ;  and,  though  it  proved  the  two  important  facts  I 
have  spoken  of,  it  ought  not  to  be  mentioned  any  further  in  con- 
nection with  submarine  telegraphy.  Further,  the  paper  says, "  It 
is  greatly  to  be  regretted  that  records  such  as  Dr.  Russell's  have 
not  been  published  concerning  other  and  more  recent  cable 
expeditions."  In  reply  to  that  I  would  say,  happy  is  the  cable 
that  has  no  history. 

A  remark  was  made,  which  I  heard  some  one  slightly  applaud, 
and  that  was — "We  should  certainly  be  wanting  in  ordinary 
perception  if  we  failed  to  read  between  the  lines  when  studjring 
some  of  our  records  concerning  Atlantic  cables."  I  do  not  exactly 
follow  what  that  means,  and  shall  be  glad  if  the  authors  will 
enlighten  us  upon  the  records  that  they  have,  and  let  us  know 
exactly  what  has  been  their  actual  experience,  and  give  us  some 
of  the  details. 

Again, — "This  brings  us  to  the  question.  Why  do  cables 
suddenly  sever  in  deep  water  whilst  being  submerged  or  when 
being  picked  up,  and  even  after  being  successfully  submerged  ?" 
I  have  said  that  I  know  of  no  such  case  having  occurred,  though 
my  experience  covers  94,000  miles  of  submerged  cable. 

Further  on  it  is  stated — "Consequently,  any  slack  given  is 
apt  to  result  in  a  kink  or  a  succession  of  kinks,  which  is  followed 
by  a  wringing  asunder  of  the  fabric  when  the  strain  is  renewed. 
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This  accounts  for  most  of  the  nrisforttmes  which  have  happened 
in  submerging  some  cables,  for  whenever  it  became  necessary  to 
stop  or  slacken  speed  in  shifting  irom  one  tank  to  another,  or  for 
some  other  purpose,  the  risk  of  thitf  accident  has  always  b^n 
ihcurred."  If  Messrs.  Trott  and  Hamilton  had  read  ftcrther  oir  in 
the  book  from  which  they  have  quoted,  they  would  hiafve  fbond  it 
stated  in  connection  with  the  1865  cable,  at  the  laying  of  which 
Dr.  Russell  was  present,  that  "after  we  got  80  miles  frbm 
Valentia,  a  fault  was  reported,  whidi  was  10  miles  to  the  stem 
before  it  was  detected,  W)nsequently  we  had  to  stop."  That 
monster  ship  the  **  Great  Eastern  **'  had  to  hang  on  the  cable, 
and  10  miles  were  hauled  in  before  the  fault  could  be  got  at« 
This  i^as  done  successfully  jtherefbre,' if  there  had  been  any  of 
this  twisting  or  kinking  that  has  been  spoken  of,  how  was  it  that 
it  did  not  exist  in  that  10  miles  of  cable  ?  "  When  we  got  into 
water  of  2,000  fathoms  anotheir  fault  occurred,  and  we  had^to  pick 
up  3  miles;"  also,  after  paying  out  1,200  miles, another  faxilt 
occurred,  and  the  **  Great  Eastfem"  had  nothing  but  that  small 
cable  to  hang  to,  and  after  being  mtich^  pulled  about  the  cable 
became  chafed,  snapped,  and  went'  overboard ;  but  when  the  end 
was  recovered,  no  kinks,  twists,  or  anything  of  the  kind  were 
discovered.  Investigation  showed  that  the  failure  of  the  1865 
cable  was  due  to  the  iron  wires  breaking  in  many  places,  and 
stabbing  the  core  as  the  cable  was  being  paid  out. 

As  regards  the  letter  from  Mr.  Weaver,  quoted  in  the  paper, 
to  the  effect  that  the  1865  cable  was  abandoned  in  1878,  bear 
in  mind,  gentlemen,  that  the  lapng  of  the  Atlantic  cableB  in 
1865  and  1866  were  simply  experiments :  no  experience  of  deep- 
sea  cables  had  been  obtcdned  for  the  guidance  of  those  who 
attempted  it,  and  no  doubt  the  machinery  employed  contained 
many  imperfections.  The  two  cables  of  1865  jmd  1866  were 
identically  the  same,  except  that  part  of  the  1866  cable  had  no 
tar  on  the  hemp,  and  the  iron  wire  used  was  better  selected  $ 
but  when  abandoned,  the  1866  cable  had  been  doing  work  for 
some  12  years;  and  all  who  are  acquainted  with  the  history  of  the 
early  days  of  submarinfe  telegraphy  could  not  expect  that  those 
cables  would  last  much  longer. 
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Vegetable  fibre,  states  the  paper,  is  indestructible.  That,  of 
course,  would  much  depend  upon  the  water  in  which  it  is  placed; 
I  nmob.  doubt  if  a  hempen  cable  would  last  if  laid  along  the 
African  coast  or  in  the  Mediterranean,  where,  in  the  case  of  a 
cable  that  was  partly  laid  and  then  abandoned,  the  hemp  was 
after  a  tim6  entirely  eaten  ofif. 

At  one  time  I  thought  that  iron  had  proved  itself  unsuitable 
for  submarine  telegraphy,  so,  turning  my  attention  to  hemp,  I 
constructed  a  cable  and  submitted  it  to  the  Atlantic  Gotopany. 
That  cable  consisted  of  a  gutti^percha-covered  core,  the  copper 
weighing  180  lbs.  per  nautical  mile,and  the  gutta  percha  212  lbs. 
Around  that  core  I  put  what  was  known  in  the  trade  as  "8  lee 
sealing  cord,"  laying  it  on  the  core  in,  we  will  say,  the  right-hand 
direction.  Over  that  I  placed  17  strands  of  the  same  cord,  but 
in  the  reverse  direction  to  the  first  layer,  as  specified  in  this  pa^r. 
It  was  a  very  light  cable  and  weighed  only  12  cwt.  in  air,  and  it 
bore  5|  miles  of  its  own  weight  in  air  and  29  miles  of  its  own 
weight  in  water,  and  it  lifted  4  tons  before  breaking.  That  was, 
I  thought,  a  very  satis&ctory  cable,  and  it  was  put  into  water  and 
kept ;  but  six  months  after,  on  examination,  I  found  it  in  the  most 
extraordinary  shapes,  the  hemp  used  having  knuckled  up  the 
core,^and  therefore,  if  that  cable  had:  been  accepted,  the  owners 
would  have  met  with  difficulties  before  it  was  laid. 

With  the  last  paragraph  of  the  paper  I  agree  most  heartily, 
viz.,  that  "strength,  lightness,  and  durability  are,  we  affirm^ 
among  the  chief  requirements  in  a  submarine  cable."  That  is 
just  what  we  do  want;  but  I  cannot  agree  with  the  type  that  has 
been  proposed  this  evening,  and,  unless  the  results  of  a  long  series 
of  experiments  were  known,  no  Company  would  be  justified  in 
adopting  it. 

The  grapnel  which  Mr.  Kingsford  has  brought  before  us  and 
described  to-night  is  undoubtedly  very  ingenious,  but  if  it  had 
not  been  tried  as  stated,  I  should  have  thought  it  impracticable. 
There  is  one  question  that  strikes  me.  Mr.  Kingsford  says,  "  We 
are  perfectly  awake,  however,  to  the  fact  that  a  grappling  rope 
should  be  made  in  a  manner  that  will  not  allow  it  to  kink,  and 
engineers  should  avail  themselves  of  such  a  rope,  especially  in 
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deep  water.  Patents  have  lately  been  granted  to  Messrs.  Trott 
and  Hamilton  for  a  form  of  rope  or  cable  answering  all  the  require- 
ments of  this  work."  Is  the  rope  here  referred  to  the  same  as 
mentioned  in  Messrs.  Trott  and  Hamilton's  paper?  and,  if  so, 
would  these  gentlemen  kindly  inform  ns  how  long  they  have  used 
it,  and  what  experience  they  have  gained  with  such  a  rope  ? 

I  am  afraid  I  have  detained  you  rather  long,  for  I  have  gone 
over,  in  my  remarks,  a  period  of  over  thirty  years  of  my  life,  and 
perhaps  the  scenes,  plans,  and  incidents  that  have  sprung  up 
before  me  have  caused  me  to  wander  a  little ;  but  I  hope  I  have 
made  myself  sufficiently  clear. 

Mr.  H.  C.  FoRDE  :  The  proper  form  of  cable  to  be  used  in 
deep-sea  telegraphy  is  a  question  that  I  have  for  many  years 
taken  a  great  interest  in.  At  one  time,  I  confess,  I  was  very 
much  in  favour  of  the  very  lightest  kind  of  cable ;  but  when  we 
look  into  the  history  of  what  has  taken  place  with  regard  to  light 
cables,  I  think  one  must  hesitate  before  coming  to  a  decision  to 
adopt  the  very  light  form  of  cables.  I  would  just  make  a  few 
remarks  as  to  what  has  been  done  as  regards  some  of  the  past 
cables.  In  1855,  a  cable  (a  bare  core)  was  laid  between  Varna 
and  Balaclava  by  K.  S.  Newall  &  Co.,  the  deep-sea  portion  of 
which  was  300  miles  long :  this  core  consisted  of  70  poimds  of 
copper  solid  conductor  and  170  pounds  of  gutta  percha  to  the 
mile.  That  cable  was  successfully  laid,  in  somewhat  deep  water ; 
it  worked  for  about  nine  months,  and  then  broke  near  the  Crimean 
coast.  That  cable  never  was,  nor  probably  could  never  have 
been,  recovered.  In  the  same  year  a  cable  was  laid  between 
Varna  and  Constantinople,  150  knots  in  length,  the  total  weight 
of  which  was  15  cwt. ;  it  was  sheathed  with  12  small  wires,  and 
had  a  solid  conductor.  No.  16  B.W.G.  It  did  not  last  long,  and 
was  never  repaired.  In  1857-8,  as  has  already  been  said,  the 
Atlantic  cable  was  laid,  and  was  partially  successful ;  its  weight 
was  only  16*3  cwt.  in  water;  it  was  sheathed  with  18  strands  of  7 
No.  20  iron  wires — in  all,  126  wires.  Then,  in  1857,  there  was  a 
cable  laid  between  Cagliari-Malta  to  Corfu  (18  No.  14  iron  wires), 
the  first  section  of  which  lasted  one  year,  and  the  second  section  two 
years.    Then,  in  1858,  an  attempt  was  made  to  lay  a  hemp-covered 
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core  from  Candia  (Crete)  to  Alexandria  (I  was  present  at  the 
laying  of  this  cable),  and  when  about  230  knots  in  length  of  this 
cable  was  paid  out,  the  insulation,  from  some  cause  or  other 
unknown  to  those  on  board,  became  very  bad,  and  we  found  it 
necessary  to  stop  and  buoy  the  cable  in  1,500  fathoms,  in  very  bad 
weather.  Two  days  after,  when  attempting  to  lift  it,  the  cable 
parted  and  was  abandoned.  The  cause  of  failure  was  not  under* 
stood,  but  in  all  probability  the  core,  from  the  shrinking  of  the 
hemp,  got  strangled,  and  its  insulation  destroyed.  Aft.er  that  a 
similar  cable  to  the  Cagliari-Malta  and  Corfu  was  laid  down  the 
Red  Sea  to  Aden,  and  on  to  Kurrachee,  its  length  being  about 
3,000  miles,  and  weight  in  air  about  20  cwt.  and  in  water  16  cwt. 
The  Red  Sea  cable  lasted  only  nine  months,  and  the  Aden- 
Kurrachee  portion  about  six  weeks,  but  this  failure  I  attribute 
more  to  the  excessive  tight  paying-out  on  the  part  of  the 
contractors,  and  to  a  very  rough  and  rugged  coral  bottom,  than  to 
any  other  cause,  this  tight  paying-out  was  strongly  alluded  to 
in  my  report  to  the  Directors  immediately  after  the  laying  of  the 
Aden-Kurrachee  section — the  laying  of  which  I  witnessed. 
Another  form  of  light  cable  was  tried  by  my  late  and  valued 
friend  Sir  William  Siemens ;  and  here  [producing  it]  is  a  sample 
of  the  cable  that  he  laid  between  Carthagena,  in  Spain,  and  Oran, 
in  Algiers.  That  cable  consisted  of  a  core  consisting  of  a  copper 
conductor  weighing  72  pounds  per  knot  and  insulated  with  144 
of  gutta  percha,  which  was  served  with  two  separate  and  opposite 
lays  of  fine  hemp  strings,  put  on  with  tension,  then  four  strips  of 
sheet  copper  under  moderate  pressure.  The  string  was  put  on  with 
a  long  lay,  almost  straight,  so  that  every  string  came  into  action, 
and  was  kept  in  its  place  and  protected  by  the  outside  copper 
tape.  The  life  of  this  cable  was  exceedingly  short,  as  it  broke  in 
deep  water  about  ten  miles  from  the  Spanish  coast,  and,  so  far  as 
I  know,  it  was  never  recovered. 

Other  similar  cables  to  this  were,  I  think,  afterwards  laid  be- 
tween Algiers  and  Sicily,  and  also  in  the  Black  Sea,  with  similar 
ill-fortune.  After  these  failures,  it  happened  that  H.M.  Govern- 
ment, in  May,  1859,  determined  to  lay  a  line  between  England  and 
Gibraltar,  and  my  former  partner  (the  late  Mr.  Lionel  Gishome) 
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and  I  were  appointed  their  engineers  to  carry  ont  the  work.  For 
certain  reasons  best  known  to  themselves,  this  work  was  required  to 
be  done  in  a  very  great  hurry,  and  we  at  once  reported  in  favour  of 
a  certain  size  and  description  of  core,  and  let  the  contract  accord* 
ingly.  Sir  C.  Bright  and  the  late  Robert  Steph^ison  were  also 
consulted  about  it,  and  also  sent  in  recommendations.  The 
question  of  core  being  settled,  we  asked  for  time  to  make  expert* 
ments  as  to  the  best  form  of  outer  covering  to  be  adopted  for  the 
deep-sea  portion  of  the  line.  At  the  request  of  Mr.  Gishome  and 
myself,  the  late  Sir  William  Siemens  (then  Mr.  C;  W*  Siemens) 
was  associated  with  us  in  this  work;  €uid  we  were  also  ably 
assisted  in  our  experiments  by  my  late  greatly-esteemed  friend 
Mr.  G.  Laws.  These  experiments  lasted  over  a  space  of  some  six 
months,  and  the  results  have  been  publi&hed  in  great  detail  in 
the  joint  report  of  the  Board  of  Trade  and  the  Atlantic  Telegraph 
Company,  published  in  I860.*  First  of  all  we  tried  bare  core, 
consisting  of  400  lbs.  of  copper  and  400  lbs.  gutta  percha  per 
nautical  mile — in  all,  about  7*15  cwt.  in  air  and  3*36  cwt^  in 
water.  Its  f  breaking  strain  was  5  cwt.,  and  with  this  it  elongated 
26  per  cent. :  this  breaking  stress  represented  1,500  fathoms  of 
its  own  weight  in  water.  That  core  could  have  been  laid  most 
easily  in  any  depth  of  water,  for  it  only  depends  upon  the  speed 
at  which  the  ship  proceeds  and  the  core  is  shoved  out  of  the 
ship;  but  though  it  could  have  been  laid,  it  certainly  could 
never  have  been  recovered  if  any  accident  had  happened  to  it  at 
the  bottom  in  deep  water. 

After  that  a  very  long  series  of  experiments  were  made  with 
hemp,  and  hemp  combined  with  iron  and  steel  wires.  Although 
great  comparative  strength  can  be  got  out  of  merely  hemp- 
covered  cables,  they  were  found,  as  the  President  has  said,  to 
shrink  severely  when  immersed  in  water,  and  consequently 
strangle  and  destroy  the  core,  no  matter  how  the  hemp  was 
appHed.  We  found  that  the  strongest  fDrm  of  cable  was  that 
composed  of  iron  or  steel  wires  enveloped  in  hemp  strands ;  and 
we  eventually  reported  in  favour  of  that  form,  and  a  specification 
was  accordingly  drawn  up  for  this  pattern  of  cable.  But  that 
form  of  cable  was  not  made  nor  laid  on  this  occasion  between 
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England  and  Gibraltar,  because  Lord  Derby's  Grovemment  went 
out  of  office,  and  was  succeeded  by  Mr.  Gladstone's  administra- 
tion, who  decided  not  to  lay  the  cable  between  iihose  two  points, 
principally,  I  believe,  in  consequence  of  the  greatness  of  the 
depth  of  water,  viz.,  2,700  fathoms.  The  destination  of  this 
cable  wcw  then  altered,  and  it  was  arranged  to  lay  it  between 
Rangoon  and  Singapore,  in  order  to  bring  China  into  closer 
proximity  to  England ;  but  this  idea  was  not  carried  out,  and  it 
was  eventually  laid  between  Malta,  and  Alexandria,  as  a  shallow-^ 
water  coast  line.  The  type  of  cable  being  that  which  was 
designed  for  depth  from  200  to  600  fathoms,  the  core  being 
sheathed  with  18  iron  wires  of  No.  11  gauge^  this  was,-  in-  fact,  a 
deep-sea  cable  :laid  in  shallow  water.  It  lasted  some  years,  but, 
unfortunately,  in  consequence  of  the  unevenness  of  the  bottom 
and  shallowness  of  the  water,  it  was  constantly  breaking,  and  was 
finallyabandoned,  and  was  superseded  in  1868  by  a  direct  deep- 
sea  cable.  The  hemp-«nd-steel  cable  that  we  finally  adopted 
consisted  of  12  No.  14  steel  wires,  and  that  proved  a  very  strong 
cable  indeed :  its  breaking  strain  was  from  80  cwt.  to  147  cwt., 
which  represented  from  7,500  to  11,000  fathoms  of  its  weight  in 
water.  That  was  the  form  of  cable  eventually  adopted  for  the 
1865  and  1866  Atlantic  cables. 

With  reference  to  the  causes  of  decay  and  rupture  of  cables 
in  deep  water,  I  do  not  suppose  that  chafing  has  much  to  do  with, 
it ;  but  what  we  do  find  is  that,  in  lajdng  cables,  it  is  perfectly 
impossible  to- lay  them  in  such  a  way  that  they  will  lie  for  their 
entire  length  on  the  bottom  of  the  sea.  We  find  such  inequalities, 
even  in  the  Atlantic  and  other  deep  seas,  that  cables  must  un- 
avoidably get  suspended  from  one  point  to  another.  The  cables 
go  otrt  art  avery  small  angle  with  the  horizon,  and  frequentlyiin 
2,000  fathoms  there  are  20  or  30  miles  of  cable  probably  suspended 
in  the  water  from  the  stem  of  the  ship  to  where  the  cable  touches 
the  bottom.  Cables  are,  as  a  rule>  according  to  my  ideas,  laid  at 
too  great  a  speed,  and  consequently  the  cable,  while  sinking, 
often  hits  a-  prominence  in  the  bottom,  somewhere  near  the  ship, 
before  the  further  portion  of  the  cable  has  had  time  to  sink  to 
the  bottom ;  consequently  they  become  suspended,  and  that  has 
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been  found  to  be  the  case  in  the  1865-66  Atlantic  cables,  over 
which  so  much  money  was  spent  in  trying  to  repair  them.  No 
doubt  they  became  broken  in  several  places  in  consequence  of 
several  suspensions  due  to  a  certain  extent  to  fast  paying-out, 
and  possibly  to  too  little  slack  in  parts. 

As  to  boring  insects,  I  do  not  think  they  have  caused  any 
faults  in  the  Atlantic,  nor  do  I  think  any  instance  can  be  found 
where  boring  animals  have  actually  caused  a  fault  in  deep-sea 
cables,  though  instances  have  occurred  in  1,000  fisithoms  of  cores 
being  marked  on  the  sur&ce,  apparently  by  boring  animals.  I 
must  say  that,  although  I  was  rather  in  favour  of  hemp-covered 
cables  at  one  time,  I  cannot  give  that  form  any  support  now.  I 
know  that  iron  wires  enveloped  in  hemp  strand,  when  they  corrode, 
destroy  the  fibre  of  the  hemp,  especially  that  of  Manilla  hemp, 
but  not  so  much  the  case  with  regard  to  Kussian  hemp;  and  when 
such  cables  have  to  be  picked  up  after  several  years  submersion, 
we  certainly  depend  on  the  strength  of  the  iron,  and  not  at  all 
on  the  strength  of  the  hemp.  Cables  sometimes  get  entangled 
in  the  bottom,  and,  when  a  heavy  picking-up  strain  comes  upon 
them,  they  frequently  break  from  that  cause. 

With  regard  to  the  durability  of  cables,  the  Atlantic  cables 
of  1865  and  1866  lasted  8^  years  and  10^  years  respectively;  but 
as  these  types  of  cables  have  been  improved  upon  frx>m  time  to 
time,  their  duration  of  life  is  now  greater.  The  1869  Atlantic 
cable  is  now  14  years  old,  and  has  been  twice  repaired  in  very 
deep  water  after  many  years'  submersion,  the  last  serious  repair 
having  been  accomplished  in  1882. 

The  direct  Malta  and  Alexandria  deep-sea  cable  has  been  15 
years  lying  at  the  bottom  without  any  repair  being  required, 
and  there  is  every  reason  to  expect  it  may  last  for  many  years 
longer  without  any  serious  expense  to  the  Eastern  Telegraph 
Company. 

In  1870,  a  cable  was  laid  between  Suez,  Aden,  and  Bombay 
(13  years  ago),  and  that  cable  still  continues  to  be  quite  good 
and  serviceable,  especially  in  the  deep  water,  and  has  only 
occasionally  required  repair  in  shallow  water,  and  where  the  water 
suddenly  deepens. 
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The  Atlantic  cable  of  1873,  now  10  years  old,  is  still  in  good 
order,  and  has  never  required  any  repairs  in  deep  water. 

The  Atlantic  cable  of  1880  was  of  an  improved  form,  of  which 
I  have  a  specimen  on  the  table  before  you.  It  is,  to  my  mind, 
the  best  form  of  deep-sea  cable  that  I  know  of,  and  I  expect  will 
be  very  long  lived.  Every  iron  wire  is  enveloped  in  a  compound 
of  gutta  percha  and  Chatterton's  compound,  and  is  further 
protected  with  tape  prepared  with  stearine,  which  will,  I  have  no 
(jbabty  prevent  corrosion  for  a  very  long  time. 

I  should  mention  here,  that  when  making  the  experiments 
years  ago,  which  I  have  referred  to,  a  somewhat  similar  form  of 
cable,  which  I  now  produce,  was  then  made  by  the  Gutta  Percha 
Company,  in  accordance  with  the  then  views  of  the  late  Sir  W. 
Siemens  and  myself,  where  each  iron  wire  is  covered  with  gutta 
percha.  This  specimen  with  only  iron  wire  was  tested,  and 
broke  with  a  stress  of  about  55  cwt.,  which  was  equal  to  about 
4,700  f&thoms  of  its  weight  in  water,  and  had  that  been  laid  to 
Gibraltar  (and  no  doubt  it  could  have  been  laid),  I  believe  it 
would  have  proved  to  be  one  of  the  most  durable  cables  ever 
submerged. 

Mr.  F.  R.  Crampton  :  What  was  the  breaking  strain  of  that 
cable? 

Mr.  H.  C.  FoRDE :  55  cwt.,  or  4,700  fethoms  of  its  own  weight. 
The  wires  were  of  iron,  and  had  they  been  of  steel,  of  course  the 
breaking  strain  would  have  been  very  much  greater.  We 
generally  like  to  have  about  three  or  four  times  the  strength 
that  is  necessary  for  its  suspension  in  the  deepest  water — that  is 
to  say,  if  a  cable  has  to  be  laid  in  2,000  fathoms,  we  should 
require  a  cable  strong  enough  to  support  a  length  of  6,000  to 
8,000  fathoms  of  its  own  weight  in  water.  The  recent  form  of 
deep-sea  cables  which  I  and  my  partners  have  been  connected 
with  fulfil  these  conditions,  and  their  material  strength  varies 
from  5  to  6  tons. 

With  reference  to  the  twisting  and  curling  of  cables  mentioned 
by  Messrs.  Trott  and  Hamilton  as  a  fertile  source  of  failure,  I 
cannot  say,  although  I  have  been  engineer  for  the  laying  of 
some  60,000  miles  of  cable,  that  in  all  my  experience  I  have 
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found  this  phenomenon  to  occur,  nor  do  I  believe  any  cables  have 
broken  from  this  cause. 

As  to  picking  up  laid  cables  in  deep  crater,  I  remembCT, 
when  the  Red  Sea  to  India  cable  had  to  be  picked  up  in  fairly 
deep  water,  on  account  of  a  fault,  20  miles  were  raised  at  the 
rate  of  about  2  miles  an  hour  without  a  hitch  of  any  sort,  and 
certainly  no  break  occurred  from  twisting  or  curling,  and  this  was 
an  ordin€try  iron-sheathed  cable.  I  have  also  been  out  on  the 
French  Atlantic  repairs,  and  have  seen  several  miles  of  cable, 
some  12  years  old,  picked  up  in  1,700  fathoms  of  water  with  the 
greatest  possible  ease. 

On  the  last  occasion  on  which  my  late  partner,  Mr.  Herbert 
Taylor,  was  engaged  in  making  repairs,  a  length  of  15  miles  of 
cable  were  picked  up  that  had  been  lately  laid  over  a  very  rugged 
bottom,  and  picked  up  to  the  end  where  it  had  been  brokeu  by 
grappling,  and  there  was  no  sign  of  damage,  or  difficulty  fit)m 
twisting  or  curling  on  this  occasion. 

Iron  wires,  in  the  course  of  time,  must  inevitably  deteriorate, 
but  the  deterioration  is  very  capricious,  and  depends  to  a  great 
extent  on  the  nature  of  the  bottom.  In  some  places  they  decay 
rapidly,  and  in  others  remain  almost  perfectly  good  for.  ten  or 
twelve  years,  according  to  my  experience.  No  doubt,  in  the 
1865-66  repairs,  the  cable  was  very  weak,  and  could  not  be  found 
strong  enough  in  sufficiently  long  lengths  to  enable  the  splices  to 
be  made  and  the  repairs  to  be  effected. 

I  must  say  that,  in  my  opinion,  especially  where  animals  are 
at  the  bottom  of  the  sea,  it  is  a  very  dangerous  thing  to  cover  a 
core  with  nothing  but  hemp,  for  that  forms  a  kind  of  nest  for 
these  boring  animals  to  live  in,  which  gives  them  a  base  of  opera- 
tions for  making  their  depredations  on  the  core.  K  we  were  to 
adopt  very  light  cables  indeed,  I  should  say  use  a  bare  gutta- 
percharcovered  wire :  it  could  certainly  be  laid,  and  might  last 
very  long;  but  you  must  be  prepared  to  allow  it  to  take  its 
chance,  for  when  once  broken  in  deep  water  it  could  not  be  found 
with  a  grapnel  or  raised  to  the  surface.  At  one  time  Professor 
Fleeming  Jenkin  and  I  had  an  idea  that  it  would  be  a  good  and 
cheap  form  of  cable  if  six  small  cores  were  laid  across  the  Atlantic, 
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each  capable  of  workmg  at  the  rate  of,  say,  four  words  a  minute. 
In  that  case,  if  one  core  broke,  five  others  would  remain  to  do  the 
work.  I  made  an  approximate  estimate  of  such  a  series  of  cables, 
and  found  that  they  could  be  laid  for  about  £100,000.  The  risk 
of  laying  them  would  be  considerable,  but  their  repair  in  case  of 
accident  impossible. 

In  submarine  cables  it  is  a  first  necessity  that  a  cable  should 
have  sufficient  weight  to  sink  it  to  the  bottom  at  a  fairly  rapid  rate ; 
and  I  doubt  very  much  whether  any  cable  made  of  hemp  would 
fulfil  this  condition,  or  could  be  made  of  sufficient  strength  to  be 
felt  at  the  bottom  by  means  of  a  grapnel  and  long  rope ;  and  I 
cannot  but  believe  that  hemp  will  decay  on  various  bottoms,, 
especially  where  iron  is  present,  just  as  fast  as  iron  wires  will. 

In  conclusion,  I  should  like  to  say  that  I  consider  Captain 
Trott  and  Mr.  Hamilton  deserve  the  best  thanks  of  this  Society 
for  bringing  before  them  such  a  carefully-considered  paper  on 
such  an  interesting  subject,  and  upon  which  no  doubt  there  are 
still  a  great  variety  of  opinions. 

Considering  their  great  experience  in  the  repairs  of  deep  and 
shallow  sea  cables,  their  views  with  regard  to  light  deep-sea  cables 
should  command  the  greatest  respect ;  and  I  for  one  would  be 
very  glad  to  see  the  form  of  cable  they  recommend  put  to  a 
practical  test  between  two  points,  say,  100  miles  apart,  where  the 
water  is  as  deep  as  1,500  to  2,000  fathoms.  Without  this  test 
being  applied,  I  consider  it  would  be  presmnption  on<our  part  to 
condenm  the  use  of  their  proposed  cable. 

I  do  not  think  anything  is  said  in  the  paper  with  regard  to 
the  cost  of  the  cable  the  authors  advocate,  nor  as  regards  its  prob- 
able duration  or  material  strength. 

The  grapnel  described  by  Mr.  Kingsford  is  very  ingenious, 
and  I  should  much  like  to  see  it  tried.  We  have  not  heard 
whether  it  has  been  tried  in  great  depths,  but  if  not,  I  should' 
think  the  grapnel-rope  required  would  twist  and  kink  unless 
swivels  were  used ;  but  perhaps  the  author  will  kindly  give  us 
some  information  on  this  point. 

Mr.  E.  B.  Bright  :  With  reference  to  the  paper  on  grapnels, 
there  appears  to  me  to  be  a  considerable  difficulty  as  regards  the- 
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insulation  of  such  an  appliance  to  grapnels,  which,  as  all  know 
who  have  had  much  experience  in  picking  up  cables  as  well  as 
laying  them,  are  subjected  to  very  rough  work  on  the  bottom  of 
the  sea,  and  great  hydraulic  pressure  in  deep  water.  I  do  not  see 
any  provision  for  attaching  a  length  of  chain  to  the  grapnel ;  but 
whenever  grappling,  especially  on  rough  ground, — or  a  chance  of 
rough  ground,  and  we  never  know  when  rough  groimd  may  be 
met  with, — it  is  necessary  to  attach  a  considerable  length  of  iron 
chain  to  prevent  the  abrasion  of  the  grappling-rope.  I  must  also 
say  that  I  agree  with  our  President  and  with  Mr.  Forde  as  to 
the  necessity  of  using  swivels  so  as  to  enable  the  grappling-rope 
to  turn,  and  shackles  to  admit  of  putting  on  additional  lengths 
of  grappling-rope  when  necessitated  by  varying  depths.  I  am 
afraid  it  would  be  a  very  difBcult  thing  to  get  such  an  apparatus 
as  described  in  the  paper  to  work  satis&ctorily  with  the  rough- 
and-ready  work  that,  especially  over  rough  ground,  grappling 
means.  I  think  I  may  say  that  in  grappling  for  one  cable  over 
rough  ground,  in  deep  water,  I  broke  or  bent  fifty  grapnels. 

Now  grapnels  of  course  represent  a  certain  amount  of  ex- 
penditure, and  I  should  very  much  like  to  know  at  what  cost  such 
a  grapnel  as  that  now  before  us  could  be  made.  If  the  author 
has  had  one  made,  perhaps  he  can  give  us  the  price. 

Captain  Trott  :  We  have  not  had  any  specially  made ;  so  far 
we  have  had  only  those  we  fitted  ourselves  on  board. 

Mr.  E.  B.  Bright  :  Can  you  form  an  idea  ? 

Captain  Trott:  No,  not  the  remotest.  I  do  not  think  it 
would  be  very  much  expense. 

The  President  :  Perhaps  the  authors  will  kindly  take  notes  of 
the  points  raised  in  discussion,  for  reply,  and  we  shall  get  on  better. 

Mr.  E.  B.  Bright  :  It  was  a  passing  matter,  and  one  which  I 
naturally  thought  had  been  already  ascertained. 

It  appears  to  me  that  in  many  parts  of  the  world  where  grap- 
pling goes  on,  signals  might  be  produced  in  such  an  apparatus  (I 
do  not  wish  to  discourage  its  introduction,  because  I  like  every 
scientific  improvement)  by  large  branches  of  coral,  large  stones, 
sea-weed,  and  other  things  brought  up,  which  would  be  apt  to 
give  false  signals.     I  remember  bringing  up  a  rock,  weighing 
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several  hundredweights,  that  was  absolately  jammed  in  the 
interstices  of  the  grapnel ;  and  I  have  frequently  grappled  and 
brought  up  large  pieces  of  coral. 

I  will  now  pass  to  the  other  paper* 

As  regards  accidents  to  cables,  I  think  that,  as  far  as  the  three 
principal  points  raised  go,  abrasion  by  ice,  abrasion  from  rocky  and 
stony  bottom,  and  injury  from  anchors,  we  must  all  admit  that  in 
such  cases  the  stronger  the  armour  coating  of  the  cable  the 
better.  There  we  distinctly  require  iron  or  steel  or  some  other 
means  of  protection,  of  not  a  soft  or  too  yielding  character. 

As  regards  other  accidents  to  which  cables  are  liable,  I  observe 
that  the  question  of  injury  from  lightning  is  omitted,  but 
perhaps  that  need  not  be  commented  upon ;  and  also  the  faults 
arising  from  defects  in  manufacture.  As  regards  the  wringing 
asunder  of  the  core  by  the  iron  wires,  I  have  had  more  or  less 
experience  in  connection  with  submarine  cables  for  thirty  years, 
and  I  have  never  met  with  such  a  case. 

On  the  general  remarks  in  the  paper,  I  would  say  that  the 
authors  have  proposed  a  form  of  cable  which,  I  think,  has  been 
frequently  proposed  before,  i.e.,  hemp  laid  in  diflFerent  ways;  and 
we  must  remember  that  even  the  iron  covering-wires  are  not  laid 
with  a  twist,  as  seems  to  be  assumed  in  the  paper,  but,  as  is 
perfectly  familiar  to  us,  the  twist  is  careftilly  avoided.  Every 
HhinJ  ^  for  l.^»g  .0  th.  covering- J:  of  .  »bm.riZ 
cable  is  so  arranged  as  to  take  any  twists  out  when  putting  the 
wires  on. 

The  principal  defect  in  the  present  system  of  cables  is 
ascribed  by  the  authors  to  a  "mysterious  agency  existing  in  the 
depths  of  the  ocean,"  which  is  quoted  as  from  Dr.  Bussell*s 
account  of  the  laying  of  the  first  Atlantic  cable  of  1858,  but  is 
really  taken  from  his  account  of  the  laying  of  the  1865  cable;  but 
he  was  not  present  at  the  laying  of  the  first  cable  seven  years 
before,  for  he  was  in  India  writing  his  account  of  the  suppression 
of  the  mutiny  at  that  time.  Therefore  his  remarks  on  this  point 
must  have  been  derived  from  hearsay,  and  not  from  the  official 
reports.  I  venture  to  say  that  there  are  no  "mysterious 
agencies  "  in  laying  cables.  In  1858,  the  first  Atlantic  cable  had 
VOL.  xn.  35 
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been  stored  at  Devonport  for  a  year  in  a  shed,  and  at  some  points 
had  been  rusted  and  weakened ;  and  the  dynamometer  of  the 
machine  nsed,  which  was  the  first  dynamometer  employed  for 
snch  purposes,  was  defective  in  its  records.  I  have  it  from  my 
brother,  who  laid  the  cable,  that  they  could  not  rely  upon  these 
records,  and  that  they  found  them  at  variance  with  the  fsLcia ;  and 
that  was  the  '^  mysterious  agency,'*  coupled  with  the  weakness  of 
the  cable  fix)m  lying  in  the  shed  at  Devonport  between  1857  and 
1858. 

Except  in  places  where  there  are  very  strong  currents  or 
nnder-tow,  light  cables  might  be  easy  to  lay ;  but  the  question  is 
one  of  feasibility  of  repairing,  and  there  are  other  causes,  besides 
those  enumerated  by  the  authors,  which  occasion  fiEiults,  such  as 
the  development  of  feustory  fiEiults  in  the  insulation  after  sub- 
mersion, and  damage  by  lightning. 

In  grappling,  it  is  hardly  possible,  as  we  know,  to  avoid 
dragging  the  cable  along  the  bottom  for  some  distance,  and  even 
with  such  an  appliance  as  has  been  brought  before  us  it  would  be 
impossible  to  immediately  pull  up  a  ship,  or  to  prevent  a  certain 
pressure  and  a  certain  dragging,  in  which  case  the  hemp-covered 
cable  would  have  a  very  much  worse  chance  than  one  of  the  usual 
form.  If  a  cable  is  not  strong  enough  to  affect  a  dynamometer, 
I  should  doubt  it  being  strong  enough  to  be  got  up  in  deep  water. 
Examples  have  already  been  given  of  two  attempts  with  hemp- 
covered  cables.  I  was  acquainted  with  the  one  referred  to  by  our 
President  across  the  Irish  Channel  in  1852,  when  a  cable  was 
attempted  to  be  laid,  hemp-covered,  between  Donaghadee  and 
Port  Patrick.  That  &iled,  and  was  found  to  be  dreadfully  kinked 
afterwards.  I  saw  specimens  of  it  shortly  afterwards,  which  I 
inspected  with  interest,  as  it  was  laid  by  a  company  opposing  the 
Magnetic  Company,  which  I  then  managed.  The  protection  of 
the  wires  of  submarine  cables  is  of  course  of  the  greatest  im- 
portance ;  and  so  long  ago  as  October,  1852, 1  took  out  a  patent. 
No.  14,331,  with  Sir  Charles  Bright,  which  included  a  system  of 
protecting  cable  wires  with  a  thin  metallic  riband,  combined  with 
a  tape,  which  formed  a  safeguard  against  the  teredo.  But  the 
most  extensively  employed  and  successful  application  against  both 
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rust  and  the  teredo  is  known  as  Bright  and  Clark's  compound,  which 
has  been  applied  to  many  thousand  miles  of  submarine  cables. 

A  patent  was  taken  out  in  1858  (No.  1,965)  by  Messrs.  Clark, 
Braithwaite,  and  Preece,  for  applying  asphalte  and  hemp  to  the 
outside  wires  of  a  finished  iron-covered  cable.  It  was  adopted  for 
a  small  length  laid  to  the  Isle  of  Man  in  1859.  The  cable  was 
passed  through  the  compound,  a  revolving  tank  with  bobbins  of 
hemp,  and  the  mixture  was  warmed  by  charcoal  fires  outside. 
The  insulation  was  damaged  by  this  process,  and  it  required  more 
than  a  fortnight  to  coat  the  36  miles. 

The  next  step  was  in  February,  1862  (No.  446),  when  Sir 
Charles  Bright  patented  the  system,  generally  adopted  in  all 
telegraph  works  afterwards,  of  applying  a  preservative  compound 
consisting  of  certain  proportions  of  mineral  pitch,  tar,  and 
powdered  silica,  the  latter  being  devised  by  him  for  protection 
against  the  boring  powers  of  the  teredo.  The  tool  of  the  teredo 
when  it  comes  against  silica  is  broken,  and  cannot  penetrate  any 
further,  so  that  if  silica  is  mixed  with  the  protecting  coating,  the 
teredo  cannot  get  through  and  cannot  injure  the  hemp  or  do  any 
harm  to  the  cable.  The  heated  compound  is  poiired  over  the 
cable  by  an  elevator,  and  the  supply  ceases  on  any  stoppage  of 
the  cable-closing  machine,  thus  preventing  the  possibility  of 
damage  to  the  insulation  by  the  process.  The  cable  is  then 
passed  through  rollers  with  a  stream  of  water  flowing  over  them, 
by  which  the  coating  is  thoroughly  pressed  into  all  the  interstices 
of  the  wires.  Thus  the  coating  is  done  at  the  same  time  by  part 
of  the  cable-covering  machinery,  and  the  cost,  delay,  and  damage 
of  recoiling  avoided.  This  was  immediately  adopted  for  the 
Pembroke  and  Wexford  cable  of  70  miles  in  1862 ;  and  in  the 
latter  part  of  the  same  year  for  the  Persian  Q-ulf  cable  of  1,450 
miles,  made  for  the  Indian  Crovemment  to  complete  the  first 
line  to  India.  The  subsequent  application  has  been  so  large 
during  the  past  20  years,  and  so  well  known,  that  I  need  not 
recapitulate  the  many  cables.  The  Persian  Chilf  cable  was 
recently  stated  to  be  in  good  order,  though  laid  about  20  years 
ago,  and  that  in  a  hot  climate  fiivourable  for  the  existence  of 
the  teredo,  and  subject  to  other  objectionable  conditions. 
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As  regards  the  failure  of  the  Atlantic  cables,  the  real  cause  of 
failure  appears  to  me  to  have  resulted  from  no  preservative 
system  such  as  the  above  having  been  adopted,  and  from  the 
outer  wires  being  of  the  gridiron  form,  and  not  a  "  closed  "  cable, 
so  that  on  any  decay  of  the  hemp  the  strength  was  lost. 

Mr.  T.  EussELL  Cbampton  :  Mr.  President  and  gentlemen, — 
I  have  been  a  little  disappointed  with  the  remarks  that  have  been 
made,  in  not  having  heard  what  is  considered  as  the  minimuni 
strength  which  these  light  cables  should  have  for  laying  and  for 
lifting.    It  has  always  appeared  to  me  that  the  minimum  break- 
ing strain  was  the  first  condition  to  be  dealt  with  in  these  cables. 
When  these  matters  come  before  me  they  take  me  back  to  1851, 
when  the  fiM  submarine  cable  was  called  for.    No  data  at  that 
period  existed  to  guide  us.    It  was,  I  confess,  a  serious  matter  to 
me  at  the  time.    After  serious  thought,  rightly  or  wrongly  I  came 
to  the  conclusion,  that  at  any  rate  a  light  and  weak  cable  for  the 
purpose  was  imsuitable.    A  single  wire  covered  with  gutta  percha, 
about  half  an  inch  diameter,  was  laid ;  it  was  sunk  with  weights, 
and  messages  were  passed  through  it,  but  on  the  second  day  it 
broke.     Still  it  gave  proof  that  it  was  practicable  to  lay  such  a 
cable.      The  question  then  arose  as  to  what  was  practically  to 
be  done,  and  it  came  to  my  lot  to  decide.    I  established  in  my 
own  mind  at  that  period,  that  if  we  were  to  have  a  cable  at  all 
across  the  Dover  Channel,  it  must  possess  sufficient  strength  to 
meet  all  contingencies  of  laying  and  lifting  for  repairs,  and  to 
withstand  the  dragging  of  the  anchors  of  heavy  fishing  boats,  and 
even  larger  ships ;  and  the  end  of  it  was  a  cable  was  made  1^ 
inches  diameter,  containing  four  No.  16  copper  wires,  with  ten 
No.  1  iron  wires  around  it.     Some  kinks  occurred,  and  I  have  in 
my  possession  now  a  kink  which  was  cut  out  three  years  after  it 
was  laid,  for  curiosity,  not  because  it  had  caused  defective  insu- 
lation.   That  cable  is  at  work  at  the  present  moment,  after 
thirty-three  years  service,  and  is  the  type  of  nearly  all  existing 
cables.    The  success  of  this  Calais  cable  induced  gentlemen  to 
come  to  me  for  advice  and  assistance  respecting  the  Atlantic  cable 
project.     There  was  a  strong  feeling  on  the  part  of  the  promoters 
for  light  cables,  which  I  objected  to,  and  it  would  be  interesting 
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to  you,  perhaps,  to  know  that  my  declining  to  co-operate  in  that 
great  enterprise,  was  simply  because  I  would  have  nothing  to  do 
with  the  light  cables  proposed  to  be  laid  across  the  Atlantic. 

The  proceedings  of  the  Institution  of  Civil  Engineers,  1856-57, 
will  show  that  the  project  for  the  first  cable  across  the  Atlantic 
was  discussed  in  this  room,  when  he  stated,  at  the  time  the  first 
Atlantic  cable  was  raider  construction,  as  follows: — "Mr.  Crampton 
remarked  that  several  questions  which  had  been  asked  in  the 
course  of  the  discussion  had  not  yet  been  answered.  First,  as  to 
the  strength  of  the  cable.  He  believed  that  the  breaking  strain 
would  be  about  3  tons,  and,  in  his  opinion,  that  was  not  sufficient 
to  guard  against  the  contingencies  that  might  be  expected  to 
arise.  •  •  • 

"  Having  given  the  subject  a  great  deal  of  consideration,  he 
had  arrived  at  the  conclusion,  that  the  proposed  Atlantic  cable 
should  be  made  of  such  material  as  to  afiord  the  greatest  strength 
with  the  least  weight,  taking  care  that  the  weight  was  sufficient 
to  sink  it  rapidly.  The  iron-wire  covering  adopted  did  not  fulfil 
that  condition.  Now  a  cable  could  be  made  of  steel,  of  the  weight 
of  about  1  ton  to  the  mile,  of  sufficient  strength  to  meet  almost 
any  contingencies  that  might  arise.  Sudden  changes  in  the 
weather  were  most  to  be  feared  in  the  laying  of  the  cable. 
Recently,  when  repairing  the  Calais  cable,  one  day  they  had  fine 
weather,  and  the  next  day  a  gale  came  on  which  obliged  them  to 
run  into  Ramsgate. 

"  He  had  hoped  that  more  definite  opinions  would  have  been 
expressed  on  the  important  question  of  the  Atlantic  telegraph, 
and  the  silence  which  had  been  observed  might  lead  to  the  belief 
of  the  proposed  plan  being  generally  approved  by  the  profession. 
This,  however,  was  not  the  fact ;  contingencies  should  be  prepared 
for,  which  was  not  the  case  with  the  present  cable,  and  he  must 
record  his  opinion  that  the  risk  incurred  was  at  least  imprudent." 

My  view  was  that  firom  7  to  8  tons  breaking  strain  should  be 
provided  for  in  dealing  with  this  kind  of  cable.  The  cable  which 
failed  had,  I  believe,  a  breaking  strain  of  something  like  3  tons. 
I  may  have  been  wrong  at  the  time, — I  do  not  say  I  was  not, — but 
I  feel  convinced  that  most  gentlemen  present  who  are  deaMjai 
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with  this  question  are  adopting  very  nearly  the  same  breaking 
strain,  i.e.,  of  7  or  8  tons  to  the  inch,  for  any  reasonably  light 
cable  that  they  now  make. 

With  regard  to  the  grapnel,  I  cannot  see  any  inconvenience  in 
it.  The  cost,  if  it  answers  the  purpose,  is  not  worth  consideration. 
I  think  the  proposed  grapnel  should  be  encouraged,  particularly 
for  light  cables,  because  a  light  cable  has  little  effect  upon  the 
grapnel  under  ordinary  circumstances ;  but  if  a  connection  can  be 
produced  with  the  pressure  caused  by  the  light  cable,  it  will  be  a 
great  advantage,  and  one  that  should  be  well  considered  by  those 
gentlemen  who  are  more  engaged  in  these  matters  than  I  am. 

Mr.  W.  H.  Pbeece:  I  should  much  have  wished  that  this 
discussion  could  have  been  adjourned  until  another  evening; 
but  the  fact  is,  that  the  gentlemen  who  have  come  from  the  other 
side  of  the  Atlantic,  and  have  given  us  the  benefit  of  their  prac- 
tical experience,  will  not  be  here  the  next  time  we  meet,  and  we 
must  have  from  them  some  little  frirther  explanation. 

I  do  not  think  it  has  been  sufficiently  pointed  out  that  these 
three  gentlemen  speak  from  actual  experience  in  repairing  these 
very  cables  that  have  been  brought  before  us,  in  deep  water,  and 
under  similar  circumstances  to  those  which  have  been  alluded  to 
by  Mr.  Forde  and  by  Mr.  £.  B.  Bright.  I  should  like  to  have 
asked  the  authors,  in  the  early  part  of  the  discussion,  to  explain  a 
little  more  frdly  what  is  not  very  clear  in  the  paper  in  regard  to 
the  "  wringing  "  action.  They  have  brought  before  us  a  distinctly 
new  fact ;  and  it  is  quite  impossible  for  gentlemen  of  their  practical 
experience  to  have  dared  to  bring  before  a  Society  like  this  a  &ct 
such  as  that  to  which  they  refer,  if  they  had  not  very  good  evidence 
indeed  of  the  existence  of  some  action  in  deep  water  upon  cables 
which  can  be  explained  by  this  so-called  wringing  effect.  There- 
fore the  first  thing  that  I  should  ask  the  authors  of  the  paper 
would  be  to  explain  a  little  more  fully  what  they  mean  by  this 
wringing  force.  But  more  than  that,  it  appears  to  me  that  my 
friends  at  this  table  who  have  brought  their  guns  to  bear  upon 
the  authors  of  these  papers  have  lost  the  main  point  of  the  piqpers 
-^that  is,  not  that  there  have  been  hemp  cables  before,  and  not 
that  there  have  been  two  layers  of  hemp  laid  in  reverse  directions. 
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but  that  they  have  brought  before  us  a  cable  so  designed  and  so 
constructed  as  to  resist  this  peculiar  wringing  force  that  is  sud 
under  certain  circumstances  to  produce  rupture.  Now,  cables 
have  gone  in  deep  water ;  cables  are  supposed,  as  Mr.  Forde  has 
said,  to  lie  suspended  from  point  to  point,  and  then  to  break  from 
weakness  due  to  decay.  This  is  very  often  given  as  an  explana- 
tion of  the  loss  of  cables ;  but  I  take  it  that  the  main  point  in  the 
paper  read  by  Captain  Trott  and  Mr.  Hamilton  is  thisy  that  you 
need  not  assume  these  indentations  in  the  bottom  of  the  ocean<^- 
you  need  not  have  suspension  from  peak  to  peak ;  there  is  another 
cause.  If  they  give  proof  to  our  satis£EK^tion  that  there  is  a  wring- 
ing force  in  a  cable  which  comes  into  action  when  the  motion  of 
the  water  or  other  cause  decays  the  outside  wires  so  far  as  to 
reduce  their  strength,  I  can  easily  understand  that  if  a  cable  has 
a  twisting  force — I  do  not  say  that  it  has,  I  cannot  speak  from 
experience,  but  Captain  Trott  and  Mr.  Hamilton,  with  their 
experience,  say  that  it  has— *it  will  break.  If  that  be  so,  they 
have  certainly  brought  something  new  to  all  of  us.  I  have  paid 
very  great  attention  to  the  life,  the  durability,  and  the  history  of 
submarine  cables,  but  this  effect  is  quite  new  to  me,  and  I  am 
sure  it  must  be  new  to  a  great  many  present ;  and  I  would  beg 
of  the  authors  to  let  their  reply  be  particularly  directed  to  the 
further  explanation  of  this  point,  so  as  to  prove  to  our  satisfistction 
the  existence  of  an  unexpected  force,  or  a  real  ^^  mysterious 
agency  "  at  the  bottom  of  the  Atlantic. 

The  Pbesident  :  As  time  is  getting  on,  and  it  would  be  very 
inconvenient  to  adjourn  this  discussion  until  our  next  meeting, 
more  especially  as  the  authors  of  the  papers  cannot  then  be 
present,  I  will  only  say  that  Messrs.  Trott  and  Hamilton  asked  us 
for  our  candid  opinion,  and  I  think,  as  fieur  as  I  am  concerned, 
they  have  got  it.  I  will  now  ask  them  to  reply,  and  kindly  give 
us  a  little  more  information  as  regards  the  questions  that  have 
been  put. 

Capt.  S.  Trott  :  I  think  I  need  not  go  into  all  the  details  that 
have  been  enumerated,  because  it  matters  little  to  me  how  many 
light  cables  have  been  made.  The  first  one  that  is  quoted  I  may 
as  well  deal  with  at  once.    It  has  been  alluded  to  by  two  or  three 
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gentlemen,  the  President,  Mr.  Forde,  and  Mr.  E.  B.  Bright.  Mr. 
Forde  and  I  have  heard,  on  a  previous  occasion,  a  great  deal  of 
talk  about  cables.  This  Donaghadee  cable,  if  you  will  call  it  a 
cable, — I  do  not  call  it  a  cable  myself, — was  simply  a  four-strand 
rope  with  a  core  in  it,  made  up  in  short  lengths  of  140  fathomis 
each,  and  afterwards  spliced  together,  probably  made  without  any 
tar,  or  it  may  have  been  white  manilla.  I  saw  the  maker  of  it, 
Mr,  Baker,  a  few  days  ago,  and  he  gave  me  its  history.  It  is  not 
the  kind  of  rope  I  would  for  a  moment  recommend  for  a  telegraph 
cable.  Here  is  a  piece  of  grappling-rope,  and  a  question  was 
asked  what  we  intended  to  do  with  the  grappling-rope  attache4  to 
the  indicating  grapnel.  This  rope  is  made  to  our  specification, 
and  cannot  twist.  It  is  not  the  best  specimen  that  I  would  like ; 
it  was  made  in  a  hurry  to  bring  here.  In  this  rope  is  a  core,  and 
it  will  stand  what  it  is  intended  for,  although  we  would  not  like 
a  cable  of  that  description.  Doubtless  a  great  many  light  cables 
have  been  made,  but  I  see  from  the  remarks  that  have  been  made 
that  they  nearly  all  contained  more  or  less  of  iron-wire  covering, 
and  they  nearly  all  have  parted  in  some  mysterious  way  by  some 
"  mysterious  agency  "  (I  will  not  give  up  that  term,  it  was  not  of 
my  coining,  but  Dr.  Bussell's) ;  and  there  is  a  mysterious  agency : 
when  the  wires  decay,  certain  things  take  place.  I  now  introduce 
to  you  a  photograph  of  a  fracture  that  occurred  in  a  cable  while 
lying  on  a  perfectly  level  bottom.  [The  photograph  was 
passed  round  the  meeting.]  That  cable  was  not  suspended  in 
any  way,  still  the  core  was  severed,  and  by  twisting,  as  the  iron 
wires  show.  I  do  not  believe  in  cables  being  suspended  in  the 
depths  of  the  Atlantic,  as  has  been  stated  here.  An  allusion  was 
made  to  the  1865  cable  probably  being  suspended,  but  Mr.  Hockin, 
who  was  on  the  expedition  sent  out  to  repair  it,  would  not  state 
the  cause  of  rupture,  when  asked  in  a  room  across  the  street  here 
a  few  years  ago,  although  it  was  tried  to  be  proved  that  that 
cable  was  suspended.  The  soundings  taken  on  the  expedition 
alluded  to  were  some  by  Sir  William  Thomson's  wire,  some  by 
grappUng-rope,  and  some  by  a  buoy-rope  and  mushroom  anchor ; 
hence  the  di£ference  in  depth  of  water  obtained.  I  have  taken 
as  many  soundings  in  the  Atlantic  as  most  men,  and  I  know  that 
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there  must  be  a  great  difference  between  soundings  taken  with  a 
grappling-rope  and  soundings  with  a  pianoforte  wire :  the  one  is 
reliable,  the  other  is  not.  I  do  not  think  that  all  the  soundings 
which  the  "  Challenger "  took  were  reliable,  simply  because  rope 
was  used  to  a  great  extent ;  they  might  have  been  much  better 
if  taken  by  wire,  as  recommended  by  Sir  William  Thomson. 
Now,  I  would  state  that  my  experience  proved  beyond  a  doubt 
that  cables  do  twist,  and  sever  also,  as  shown  in  that  photograph. 
This  is  not  the  best  specimen  I  have  seen;  but  there  is  a 
gentleman  present,  I  think,  who  was  with  me  on  one  occasion, 
representing  a  company,  and  he  saw  an  end  of  cable  hove  on 
board  with  the  iron  wires  reduced  to  needle  points  by  oxidisation, 
and  the  gutta  percha  and  copper  wires  wrung  off  in  short  twists. 
You  will  please  note  in  the  photograph,  that  although  the  wires 
are  themselves  reduced  to  needle  points,  yet  a  few  inches  from 
the  ends  they  would  gauge  up  to  their  full  size ;  therefore  they 
have  the  full  helical  force  left,  and  the  force  being  concentrated 
at  the  weak  place,  a  fracture  of  the  core  is  the  result.  It  is 
useless  to  say  that  a  rope  or  a  cable  that  is  made  hundreds  of 
miles  in  length  has  no  twist  in  it :  it  most  assuredly  has.  You 
may  take  a  rope  or  any  other  cord  you  like ;  unless  it  is  specially 
made  in  reverse  layers,  as  we  have  stated,  there  must  be  turns  in 
it.  Those  of  you  who  have  been  cable  laying  have  seen  the 
marks  on  the  cable  from  pressure  in  the  tanks,  twisting  round 
and  round  after  passing  over  the  ship's  stem  into  the  sea.  I 
would  ask,  what  becomes  of  that  twisting  when  the  cable  is 
lying  on  the  bottom,  and  when  there  is  a  weak  point  put 
into  it,  as  shown  in  the  photograph?  I  would  also  like  to 
ask,  when  a  ship  stops  and  has  to  pick  up,  and  turns  run  out 
from  the  ship's  bow  downwards,  which  they  assuredly  do — I 
have  seen  the  cable  come  up  quite  flat  over  the  sheaves,  the  lay 
much  elongated,  and  the  core  spewing  out — I  would  like  to  ask 
you,  what  becomes  of  the  turns  then  ?  Also,  what  becomes  of  the 
turns  accumulating  on  the  bottom  ?  I  have  seen  a  cable  broken, 
not  once  or  twice,  but  perhaps  thirty  times,  in  picking  up  to 
remove  faults.  And  from  what  cause?  Not  because  the  cable 
was  weak — not  because  it  could  not  bear  a  sufficient  strain !    It 
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would  break,  not  from  tension,  but  generallj  when  the  ship  was 
still  and  the  cable  hanging  perpendicular.  I  suppose  some  of  you 
have  also  experienced  the  saine  thing  when  carrying  out  repairs. 
I  think  I  have  lifted  cable  in  deep  water  in  the  Atlantic  almost  as 
much  as  most  men,  and  I  think  I  have  done  more  repairs  on 
cables  in  shallow  water  than  any  other  man,  and  have  gone 
out  of  my  way  to  see  some  of  the  old  cables  which  have  long 
since  been  abandoned.  Speaking  of  the  manner  in  which  cables 
oxidise,  our  worthy  President  will  know  something  of  the  1867 
cable,  which  was  covered  with  black  iron  wires.  I  picked  up  some 
of  that  cable  in  Placentia  Bay  last  summer,  to  see  the  state  of  it, 
and  those  wires,  on  good  bottom,  were  certainly  quite  as  good  as 
when  they  were  manufeustured.  But  as  soon  as  we  got  out  of  the 
centre  of  the  bay,  where  the  ground  became  rough,  there  was 
nothing  left  but  the  core  and  its  serving,  with  lumps  of  stone  and 
rust,  but  no  appearance  of  wire  about  it^  That  is  what  oft^i 
occurs,  so  that  the  weakest  point  in  a  cable  is  something  like  the 
weakest  link  in  a  chain,  I  imagine. 

I  do  not  deny  that  there  are  some  rough  places  in  the  AUantie, 
and  there  are  some  differences  in  the  depths  of  water.  I 
discovered  a  very  shallow  place  in  the  Atlantic,  though  it  is  not 
called  by  my  name,  but  is  known  as  the  Faraday  Shoal.  Proper 
soundings  should  be  taken  before  a  cable  is  laid.  I  do  not  think 
any  one  would  go  far  wrong  then,  if  from  eight  to  ten  per  cent,  is 
allowed  for  slack,  which  is  the  plan  generally  followed,  and  whidi 
for  the  little  inequalities  of  the  Atlantic  is  more  than  is  required. 
I  am  sorry  time  will  not  permit  me  to  go  more  deeply  into  details. 

As  regards  hemp,  here  [producing  it]  is  a  sample  of  hemp 
which  I  should  be  glad  for  you  to  inspect.  It  has  been  under 
water,  and  I  should  like  any  one  present  to  judge,. if  they  can, 
for  how  long  it  has  been  under  water.  Here  is  a  section  of  the 
same  piece,  taken  from  the  clinch  of  an  anchor  at  a  place  wh^ie 
it  was  infested  with  insects.    That  is  Bussian  hemp. 

Mr.  W.  H.  Pbeece  :  There  is  one  other  question  I  should  like 
your  answering  at  the  same  time.  When  cables  break  while  you 
are  picking  them  up,  will  you  kindly  indicate  the  position? 
Where  do  they  break^-^is  it  near  the  ship,  or  is  it  at  the  bottom  ? 
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Captain  Tbott  :  Never  near  the  8hip>  unless  by  machinery  or 
something  of  that  sort.  In  all  my  experience  I  never  knew  a 
cable  to  break  on  deck  but  once.  The  Direct  cable  broke  on  deck 
once,  but  from  what  cause  no  one  ever  knew.  The  breakages  I 
refer  to  always  occur  on  the  bottom,  where  there  is  little  or  no 
strain  on  the  cables  Given  the  depth  of  water  and  the  type  of 
cable,  say,  2,000  &thoms  or  upwards,  I  can  almost  venture  to  tell 
you  how  much  it  is  possible  to  pick  up.  It  is  when  ships  have 
passed  a  &ult,  and  have  to  go  back  to  pick  up,  fsulure  almost 
invariably  occurs.  Trace  back  any  of  the  breaks,  and  I  will 
^gag®  to  say  that  they  have  not  occurred  when  the  ship  has 
been  going  steadily  along  and  paying  out,  except  something  may 
have  occurred  in  the  tanks. 

That  hemp  has  been  seventy-nine  years  under  water,  and  is 
now  in  as  good  order  as  when  new. 

Mr.  H.  C.  FoBDE:  Was  it  some  belonging  to  the  ^^Boyal 
George"? 

Captain  Tbott  :  No ;  but  some  belonging  to  the  "  Boyal  George  " 
was  at  the  Fisheries  Exhibition  a  short  time  ago,  and  I  am  sorry 
I  did  not  get  a  piece  to  bring  here.  That  was  between  fifty  and 
sixty  years  under  water.  I  have  some  yams  of  it  now,  and  can  tell 
you  they  are  pretty  strong. 

Mr.  F.  A.  Hamilton  :  I  think  it  is  hardly  necessary  for  me  to 
detain  the  meeting  except  for  a  very  few  remarks. 

Mr.  Willoughby  Smith  stated  that  hemp  was  on  a  new  trial ; 
I  think  it  is  time  that  it  had  one,  for  iron  wire  has  had  a  very 
costly  trial. 

I  will  pass  over  the  remarks  that  referred  to  cables  in  shallow 
water,  because  you  all  know  that  in  the  paper  we  speak  particu- 
larly of  deep-sea  cables. 

Captain  Trott  has  dealt  with  the  light  cables  which  were 
partially  of  iron  and  hemp.  Now  it  has  been  admitted  by  one  of 
the  advocates  of  iron  that  a  compromise  was  necessary  between 
iron  and  hemp. 

As  to  personal  experience  with  regard  to  twisting  and  kinking, 
I  think  it  quite  possible  that  a  great  many  of  those  who  have  dealt 
with  cables  may  not  have  had  that  particular  experience ;  they 
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have  been  always  so  fortunate  as  to  lay  such  perfect  cores  that 
only  few  instances  have  occurred  rendering  it  necessary  for  them 
to  pick  up  in  deep  water.  Immunity  from  faults  in  the  core  has 
made  the  work  of  paying  out  a  very  pleasant  proceeding ;  I  know 
that  from  experience. 

I  think  it  was  perfectly  fair  for  us  to  quote  from  Dr.  Bussell's 
book ;  and  I  think  I  might  go  further  and  say,  that  although  the 
old  cable  of  1858  was  alluded  to,  the  same  remarks  would  apply 
to  the  cable  of  1865,  and  that  is  in  the  same  book. 

The  President  :  No. 

Mr.  F.  A.  Hamilton  :  I  have  some  extracts  from  it  here,  Sir, 
and  it  distinctly  states  that  what  had  been  intended  as  the  cable's 
protection  was  the  somrce  of  its  weakness  and  ruin,  and  that  is 
mentioned  with  regard  to  the  1865  cable. 

Mr.  Willoughby  Smith  mentions  a  mishap  having  occurred 
80  miles  from  Valentia ;  that  is  not  in  very  deep  water,  I  think. 

Captain  Trott  :  No. 

Mr.  F.  A.  Hamilton  :  Of  course  hemp  requires  to  be  protected, 
as  the  iron  does  with  hemp.  I  think,  if  the  iron  wire  has  to  be 
protected  by  hemp,  it  is  an  acknowledgment  of  its  weakness. 

As  regards  light  cables,  an  instance  was  given  by  Mr.  Forde  of 
a  failure  10  miles  from  shore,  but  that  is  not  part  of  the  question. 
Mr.  Forde's  experience  of  light  cables  has  been  very  unfortunate, 
and  is  that  of  many  years  ago.  I  rather  think  that  most  men 
would  have  somewhat  modified  ideas  once  held,  from  observation 
based  on  more  recent  experience. 

The  President  :  Hear,  hear. 

Mr.  F.  A.  Hamilton  :  The  specimen  of  hemp  cable  brought 
before  you  to-night  is  only  a  hand-made  specimen,  but  we  have 
had  this  type  of  cable  working  under  water  for  eighteen  months 
or  more,  in  a  place  infested  with  marine  animals,  and  no  trouble 
or  difiBculty  has  occurred. 

Mr.  H.  C.  FoRDE :  What  length  ? 

Mr.  F.  A.  Hamilton  :  It  is  a  short  cable  laid  for  a  telephonic 
line.  We  manufactured  it  ourselves,  and  laid  it  across  the 
iiarbour  at  Haliiietx. 

Mr.  H.  C.  FoRDE :  It  is  not  a  very  long  one. 
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Mr,  F.  A.  Hamilton  :  It  is  a  good  test,  because  injury  is  more 
likely  to  occur  to  it  there  than  in  the  deep  Atlantic.  Concerning 
the  1880  cable  mentioned  by  Mr.  Forde  as  of  an  improved  form,, 
the  iron  wires  are  protected  from  corrosion  by  a  process  which  must 
be  very  expensive.  I  would  reiterate  the  remark,  lest  our  state- 
ments should  be  misunderstood,  that  we  advocate  our  type  for 
deep-sea  cables,  and  not  for  shore  ends,  where  abrasion  is  likely 
to  take  place. 

The  breaking  strain  depends  upon  the  weight  of  the  cable- 
itself.  It  is  a  question  of  the  specific  gravity :  I  think  that  will 
be  seen. 

Mr.  T.  R.  Crampton  :  I  meant  the  actual  breaking  strain  in 
air. 

Mr.  W.  H.  Preece  :  We  do  not  break  cables  in  air. 

Mr.  F.  A.  Hamilton  :  From  4  to  5  tons  in  air,  in  the  specimen 
that  we  have  made ;  but  you  can  make  it  any  strength  you  like, 
taking  into  consideration  the  weight.  I  may  say  this,  that  an 
iron-armoured  cable,  when  new,  is  very  well  calculated  to  inspire 
great  confidence  in  its  strength,  but  where  there  is  no  weight  to 
be  borne,  surely  it  is  plain  enough  that  there  can  be  no  great 
strain. 

I  think  Captain  Trott  replied  to  the  question  with  regard  to 
the  twisting  or  curling  tendency,  but  it  is  very  evident  that  in* 
picking  up  a  cable  the  turns  are  thrown  out,  and  they  accumulate 
at  the  bottom,  and  there  must  be  a  wringing  asunder  of  the- 
&bric :  it  occurs  invariably  when  cables  are  picked  up  in  deep- 
water. 

The  PREsroENT :  Gentlemen, — ^It  is  now  very  late,  but  I  am 
sure  none  of  you  will  regret  having  been  detained,  as  we  have 
had  two  very  interesting  papers  followed  by  an  interesting  dis- 
cussion. However  much  we  may  have  differed  in  opinion  as 
regards  hemp  vereus  iron,  I  am  sure  there  will  be  only  one  opinion 
in  what  I  have  to  propose,  and  that  is  that  we  give  the  authors  of 
the  papers — Captain  Trott,  Mr.  Hamilton,  and  Mr.  Kingsford — a 
hearty  vote  of  thanks  for  ventilating  this  interesting  subject.  If 
it  were  possible,  I  am  siire  your  thanks  would  be  more  heartily 
given  when  I  tell  you  that  those  gentlemen  have  presented  to  the 
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Society  the  grapnel  which  is  now  on  the  table,  and  which  may 
tnm  out  to  be  a  most  useful  instrument. 

A  vote  of  thanks  was  most  heartily  accorded. 

A  ballot  then  iook  place,  at  which  the  following  were  elected  :^ 

As  Foreign  Members : 
M.  Dem^tre  Golintineano.    |    Dr.  M.  J.  Ghrier.    |    J.  A.  Sherman. 

As  Aeaodatea: 


yf.  Charles  Benedict. 

Vivian  Bolton  Douglas  Cooper. 

J.  C.  H.  Darby. 

A.  C.  Howard. 

A.  McCurdy. 


S.  McGowan. 

Sergeant  J.  Mclntyre,  K.E. 

Alfred  Slatter. 

W.  B.  Stainton. 

Lord  Sudeley. 


Alfred  Thompson. 

The  meeting  then  adjourned  until  Thursday,  13th  December, 
1883. 


LETTER  FROM  H.  KINGSFORD. 

To  the  Secretary , 

•  •  Society  of  Tdegraph-Engineere  and  Eleetrietane. 

Dear  Snt^ 

'  Th^kueeting  of  the  29th  ultimo  having  been  brought  to  a 
close  at' a  late  hour,  and  no  oppoitunity  having  offered  for  us  to 
answer  the  questions  put,  referring  to  the  grapnel  paper  read  on 
that  occasion, — ^most  present  then  feeling,  I  think,  that  to  do 
justice  to  ihe  cable  paper  required  much  more  time  than  it  was 
possible  to  accord  at  one  meeting, — ^I  beg  to  notice  herewith 
the  Variotis  remarks  passed  on  the  first-read  paper. 

To  cotiimence,  then,  with  the  President's  comment,  "The 
grapnel  i«^  undoubtedly  very  ingenious,  but  if  it  had  not  been 
tri^d  as'statted,  I  should  have  thought  it  impracticable,''  Captain 
Trott  and  Plfeel  that  in  having  accomplished  something  which  Mr. 
Sniith,  with  his  world-renowned  ability,  would  have  thought 
impracticable,  we  have  not  lived  in  vain ;  and  we  beg  to  thank 
him  for  the  very  high  (we  feel,  vastly  too  high)  compliment  he  has 
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paid  us.  In  answer  to  the  President's  question  respecting  the 
rope  to  be  preferably  used  with  the  grapnel,  it  is  that  form 
mentioned  in  the  cable  paper  by  Messrs.  Trott  and  Hamilton. 

It  is  very  gratifiying  to  Captain  Trott  and  myself,  also,  that 
Mr.  Forde  should  consider  out  grapnel  ingenious;  and  with  regard 
to  the  desire  that  gentleman  expressed  to  be  on  board  when  it  is 
tried,  we  can  only  say  how  delighted  we  should  be  to  have  the 
honour  of  Mr.  Forde's  presence.  The  grapnel  has  not  yet  been 
used  in  two  thousand  &thoms,  but  we  have  every  confidence  in 
its  efficiency  in  that  or  any  other  depth. 

Mr.  Forde's  idea  that  the  grapnel-rope  required  in  a  great 
depth  would  kink  and  twist  unless  swivels  were  used,  is  enter- 
tained as  well  by  Mr.  Bright,  and  will  be  answered  in  due  course. 

Mr.  Bright  says,  first  of  all,  that  there  appears  to  him  ''  to  be 
considerable  difficulty  as  regards  the  insulation  of  such  an 
appliance  to  grapnels,"  owing  to  the  'Wery  rough  work  at  the 
bottom  of  the  sea  and  great  hydraulic  pressure  in  deep  water  "  to 
which  cables  are  subjected.  As  will  be  seen  on  referring  to  the 
diagrams  accompanying  the  description  of  grapnel,  ^Hhe 
insulation  of  the  appliances,"  to  use  Mr.  Bright's  phraseology,  is 
rendered  quite  safe,  such  appliances  being  secured  in  the  grapnel 
in  such  a  manner  that,  unless  the  latter  should  be  ruptured  or  one 
of  the  plungers  depressed,  neither  the  core  therein  nor  the 
contact^plate  thereto  attached  could  be  in  any  way  touched, 
however  rocky  may  be  the  bottom.  Mr.  Bright's  mention  of 
hydraulic  pressure  seems  to  me  to  be  singularly  devoid  of  any 
significance  whatever  in  this  case,  considering  my  remark  that 
^  the  water  is  allowed  free  access  around  and  about  each  separate 
part,  in  order  that  its  pressure  shall  be  equal  on  all  sides." 

Mr.  Bright  does  not  '^  s<ee  any  provision  for  attaching  a  length 
of  chaiQ  to  the  grapnel,"  and  adds,  ^'  But  whenever  grappling, 
especially  on  rough  ground,  it  is  necessary  to  attach  a  considerable 
length  of  iron  chain  to  prevent  the  abrasion  of  the  grappling- 
rope."  Judging  by  the  grappling,  of  which  I  have  seen  so  much 
during  the  last  few  years,  I  should  say  that  when  a  grapnel  is 
nursed,  so  to  speak,  as  it  always  is  by  a  skilful  grappler,  such  iron 
chain  is  not  needed  on  any  bottom,  however  rugged  it  may  be ; 
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but,  nevertheless,  there  is  nothing  to  prevent  the  grapnel-rope 
being  encased  in  iron  chain  or  any  other  easily  applied  casing  for 
any  desired  length  from  the  grapnel. 

Mr.  Bright's  next  objection  is  ^'  the  necessity  of  using  swivels, 
so  as  to  enable  the  grappling-rope  to  turn,  and  shackles  to  admit 
of  putting  on  additional  lengths  of  grappling-rope  when  necessi- 
tated by  various  depths." 

I  regret  that  my  own  answer  to  Mr.  Forde's  request  for  in- 
formation on  the  score  of  swivels,  or  their  absence,  must  serve  in 
lieu  of  a  much  more  lucid  one,  which  would  be  tendered  were 
Captain  Trott  not  at  present  absent  from  the  city.  I  stated,  in 
my  account  of  the  invention,  that  ^'  a  grapnel  will  turn,  and  does 
turn,  with  the  rope ;  a  swivel  is  therefore  of  no  value."  Nor  was 
this  a  mere  dogmatic  assertion,  stem  facts  having  proved  the 
truth  of  it  over  and  over  again.  The  turns  to  which  Mr.  Bright 
refers,  and  which,  in  the  opinion  both  of  Mr.  Forde  and  the 
former  gentleman,  render  a  swivel  necessary,  are  either  put  in 
when  paying  out  slack  rope, — it  being  evident  that  the  rope  will 
right  itself  when  the  grapnel  is  in  suspension, — or  they  are  put  in 
by  the  grapnel  itself.  The  result  of  an  equal  number  of  turns, 
whether  put  in  at  the  ship  or  on  the  bottom,  would  of  course  be 
the  same,  but  in  the  former  case  the  number  of  turns  would  be 
limited ;  we  will  consider,  therefore,  the  alternative.  Certiunly, 
when  the  grapnel  turns  over  on  the  bottom,  the  rope  will  turn 
also — ^but  what  of  that  ?  Given  any  kind  of  properly-constructed 
hempen  rope,  but  more  especially  the  kind  suggested,  with  no 
tendency  whatever  to  turn  or  kink,  and  I  ask,  is  such  a  co- 
incidence possible  that  the  grapnel  should  constantly  meet  with 
obstacles  which  would  all,  or  nearly  all,  tend  to  turn  it  over  ii> 
the  same  direction  ;  that  so  many  turns  should  be  in  this 
manner  accumulated  in  the  rope  as  to  injure  the  contained  core  ; 
and  that  all  this  should  take  place  in  the  face  of  the  &ct  that 
every  turn  thus  accumulated  in  the  rope  would  be  so  much 
energy  stored  up,  striving,  of  course,  to  expend  itself  in  bring- 
ing  the  rope  again  to  its  normal  condition — without  a  twist :  an 
energy  which,  when  represented  by  very  many  turns  in  a  ridicu- 
lously short,  thick  rope,  might  perhaps  be  suflSdent,  in  expend- 
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ing  itself,  to  turn  a  grapnel  over  with  it,  but  which  might  be 
totally  disregarded  in  100  fiEtthoms,  to  say  nothing  of  a  length 
twenty  times  as  great  ?  I  think  now  that  by  the  reductio  ad 
abaurdum  process  I  have  shown  that  no  danger  is  to  be  antici- 
pated on  the  score  of  the  rope  turning. 

As  regards  the  shackles,  the  grapnel-rope  should  be  long 
enough  for  any  emergency ;  and  does  not  the  greater  include 
the  less  ?  It  is  not  necessary  to  use  all  the  grapnel-rope  you 
possess.  Must  we  strive  to  emulate  Newton,  with  his  large  hole 
for  the  cat  and  small  one  for  the  kitten  ? 

Mr.  Bright  next  says,  ^^  I  am  afraid  it  would  be  a  very 
difficult  thing  to  get  such  an  apparatus,  as  described  in  the  paper, 
to  work  satisfiEkctorily  with  the  rough-and-ready  work  that,  especi- 
ally over  rough  ground,  grappling  means;"  and  adds,  "  I  think 
I  may  say  that  in  grappUng  for  one  cable  over  rough  ground,  in 
deep  water,  I  broke  or  bent  fifty  grapnels." 

Certainly  the  work  just  instanced  by  Mr.  Bright  was  "  rough- 
and-ready  "  with  a  vengeance,  and  I  am  happy  to  say  that  it  has 
never  fallen  to  my  lot  to  witness  such  grappling  as  Mr.  Bright 
mentions.  But  while  I  take  the  opportimity  at  once  thoroughly 
to  disclaim  any  intention  of  giving  hints  on  grappling,  I  would 
remind  Mr.  Bright  that  had  he  used  for  his  rough-and-ready  work 
such  an  appliance  as  I  advocate,  he  might  have  saved  a  consider- 
able amount  of  time  and  labour,  and  perhaps  some  few  grapnels, 
as  he  would  have  been  advised  of  ruptures  as  soon  as  they  occurred, 
and  would  no  longer  have  towed  a  partially  or  totally  disabled 
grapnel. 

As  Captain  Trott  stated,  the  cost  would  not  be  prohibitive ; 
and  as  a  saver  of  time,  labour,  and  iron,  it  might  even  have 
proved  an  economy  in  the  somewhat  extreme  case  mentioned  by 
Mr.  Bright.  Again,  it  appears  to  Mr.  Bright  that  substances 
other  than  the  cable  may  in  some  parts  of  the  world  act  upon  the 
plungers,  and  thereby  give  false  signals ;  and  he  instances  a  case 
(probably  part  of  the  rough-and-ready  work  aforementioned) 
where  he  brought  up  ^^  a  rock  weighing  several  hundredweights, 
that  was  absolutely  jammed  in  the  interstices  of  the  grapnel." 

That  we  anticipated  the  possibility  of  false  signals  arising  in 
VOL.  xn.  36 
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the  maimer  described  by  Mr.  Bright,  is  very  true ;  and  in  order  to 
reduce  the  likelihood  to  a  minimimi,  we  suggested  that  guards 
could  be  fitted  to  the  stem,  ^^  to  protect  the  plungers  from  the 
pressure  of  ooze,  etc. ;"  but  I  mentioned  that  in  practice  we  had 
not  found  those  guards  to  be  necessary,  although  I  may  state 
here,  the  grapnel  has  been  used  over  rocky  bottoms,  and  also  where 
8ea*weed  abounds  in  enormous  quantity. 

With  regard  to  Mr.  Crampton's  remarks,  we  thank  that 
gentleman  for  his  kindly  expressions.  That  the  grajmel  will  be 
some  day  serviceable  for  light  cables  we  have  no  doubt ;  but  we 
think  that  it  is  likely  to  prove  of  the  greatest  service  in  cases  of 
cables  whose  iron  armouring  has  become  oxidised,  and  in  its 
application  to  torpedo  work. 
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The  Twelfth  Annual  General  Meeting  of  the  Society  was  held  at 
the  Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster,  on  Thursday  evening,  13th  December,  1883 — 
Air.  WiLLOUGHBY  SMTfH,  President,  in  the  Chair. 

,  The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  29th  were  read  and  approved,  and  the  names  oi  ne^f 
candidates  were  announced  and  suspended. 

Dcmations  to  the  Library  of  the  Society  were  announced  as 
having  been  received  from  Professor  W.  E.  Ayrton,  F«B*S.,  CoU 
Frank  Bolton,  and  Mr.  J.  E.  H.  Gordon,  B.A.,  and  a  hearty  vote 
of  thanks  was  awarded  those  gentlemen  for  their  contributions. 

The  Secretaby  read  the  following  :-r- 

REPORT    OF    THE    COUNCIL    TO    THE    ANNUAL 
GENERAL  MEETING  OF  THE  SOCIETY. 

December,  1883. 

The  Council  are  enabled  to  report  that  the  Society  continues 
to  increase  considerably  in  numbers. 

The  number  of  members  of  each  class  elected  during  the 
year  has  been  as  follows: — 15  Foreign  Members,  10  Members, 
123  Associates,  and  14  Students. 

Besides  these,  31  candidates  have  been  approved  for  ballot 
next  month. 

By  deaths  and  resignations  our  losses  are  as  follows : — 1  Hon. 
Member,  8  Foreign  Members,  10  Members,  7  Associates,  and 
1  Student. 

The  losses  by  death  have  been,  unfortunately,  unusually 
severe,  not  perhaps  in  point  of  numbers,  but  in  the  large  propor- 
tion of  eminent  men  among  those  who  have  been  taken  from  us. 

We  have  to  deplore  the  loss  of  our  Honorary  Member,  General 
Sir  Edward  Sabine,  whose  scientific  labours,  more  especially  in 
connection  with  terrestrial  magnetism,  are  too  well  known  to 
require  enimieration ;  of  Mr.  C.  V.  Walker,  Past-President,  one 
of  the  oldest  associates  of  Messrs.  Cook«  and  Wheatstone  in  their 
practical  operations,  and  one  of  the  originators  of  the  Electrical 
Society,  of  which  this  Society  is  in  some  respects  the  successor ; 
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of  Mr.  Cromwell  Fleetwood  Varley,  well  known  for  his  researches 
in  every  branch  of  electrical  science,  and  for  his  numerous 
inventions  in  methods  of  its  application ;  of  Alfred  Niaudet  and 
L.  Br^guet,  distinguished  Foreign  Members ;  and  within  the  last 
few  weeks  the  sudden  death  of  Sir  William  Siemens,  twice  our 
President,  has  inflicted  a  grievous  loss,  not  only  upon  this  Society, 
but  upon  the  whole  of  the  scientific  world.* 

The  Society  continues  to  be  indebted  to  the  Institution  of 
Civil  Engineers  for  the  great  privilege  of  holding  its  meetings 
in  the  theatre  of  the  Institution. 

Of  the  papers  read  during  the  year,  of  which  a  list  is 
subjoined,  several  have  proved  of  great  interest,  especially  Pro- 
fessor Hughes's  paper  "  On  the  Cause  of  Magnetism  ;^  but  the 
Council  regret  that,  among  those  eligible  for  competition  for 
premiums,  they  are  unable  to  discern  sufficiently  marked  features 
to  justify  their  awarding  more  than  the  Society's  prize  of  £10  to 
Mr.  J.  Munro,  Associate,  for  his  paper  on  a  ^^  New  Telephone 
Transmitter."  They  are  unable  to  award  either  the  Paris 
Exhibition  premium  or  the  Fahie  premium  for  this  year;  but, 
nevertheless,  desire  to  make  honourable  mention  of  the  following 
papers,  viz. : — "  The  Measurement  of  Electricity  for  Commercial 
Purposes,"  by  Mr.  J.  N.  Shoolbred,  Member,  as  a  valuable 
communication  on  the  subject;  and  "The  Static  Induction 
Telephone,"  by  Mr.  W.  Moon,  Associate,  for  its  originality. 

The  Council  trust  that  next  year  they  may  find  themselves 
justified  in  awarding  all  the  three  premiums  offered. 

PAPEBS  BEAD  DUBING  THE  SESSION  1888. 

Datb.  Titlx.  Authob. 

Feb.     8. — The  Magnetic  Storm  of  November 

17th,  1882 Jamu  Gbatu. 

I,      8.^-SimiiltaneouB  Effectf  of  Lightning 

on  Different  Cables       ...        ,.•  Jaxsi  Gravis. 

„      8.— A  Magnetic  Storm  in  India       ...  E.  0.  Walkxs 

„      8. — ^Earth  Currents  in  India E.  O.  Wauuex. 

„      8.— Earth  Currents,  Sun  Spots^  and 

Electric  Storms A.  J.  S.  Adaxs. 


•  A  memoir  of  the  late  Sir  William  Siemens  is  being  specially  prepared  for 

this  Journal,  and  will  appear  in  a  future  number. 
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Bats.  Titlb.  Authoe. 

Feb.   22.— The  Measurement  of  Electricity 

for  Commercial  Purposes         ...    J,  N.  Bhoolbkcd,  M.Ixi8t.C.E. 
Mar.    8.— Some  New  Forms   of  Telephone 

Transmitters,  with  a  Note   on 

the  Action  of  the  Microphone...    J.  Muneo. 

April  12. — Microphonic  Contacts       Shxlfoed  Bidwbll,  M.A.,  LL.B. 

„     12.^The    Influence   of     Surface-con. 

densed  Gas  upon  the  Action  of 

the  Microphone I.  Pbobist  and  A.  W.  Sowaed. 

„     26.— Prof.  Blyth's  Solenoid    Galyano- 

meter        A.  Jahibsok,  FJt.S.E. 

„     26.— The    Physical    Action    of     the 

Microphone         Prof.  D.  E.  Huqhbs,  F.B.S. 

n     26.— A  Static  Induction  Telephone    ...    W.  Mooir. 
May  10. — ^The  Electric   Holophote    Course- 
Indicator,  for  the  Prevention  of 
Collisions  at  Sea J.  H.  A.  MacDonald,  Q.C. 

„     10.^£lectro-Motors  and  their  govem- 

ment         Profs.  W.   E.   Atetov,   F.B.S.| 

and  John  Pieet. 
„     24.^The  Cause  of  Evident  Magnetism 

in  Iron,  Steel,  and  other  Mag- 
netic Metals         Prof.  D.  E.  RuGHis,  F.B.S. 

Nov.    8. — ^Volta-electric  Induction Willouqhbt  BicrrH. 

„     29. — Submarine     Telegraph     Cables : 

their  Decay  and  Benewal       ...    S.  Tbott  and  F.  A.  HAJOLTOir. 
„     29. — Trott  and  Kingsford's  Automatic 

Grapnel  for  Submarine  Cables 

and  Torpedo  Lines         H.  Kinosfoed. 

Dec.  13.— An  Instrument  for  Measuring  the 

the    Strength    of   a  Magnetic 

Field         J.  E.  H.  Goedon,  B.A. 

„     18.— A    Method    of    Calculating    the 

Total  Horse-power  expended  in 

a  Network  of  Conductors  (such, 

for  instance,  as   a   System  of 

Street  Mains)      J.  E.  H.  Goedon,  B.A. 

The  Incorporation  of  the  Society  under  the  Companies'  Act, 
which  was  registered  by  the  Board  of  Trade  in  May  last, 
marks  an  epoch  in  its  history.  The  Articles  of  Association, 
which  have  taken  the  place  of  the  former  Rules  and  Regulations, 
will  be  found  to  diflFer  very  sUghtly  from  the  latter,  beyond  being 
more  explicit  and  more  conveniently  classified  under  the  various 
sections.    They  were  most  carefully  revised  by  a  Committee  of 
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the  Council,  who  enjoyed  the  benefit  of  the  legal  knowledge  of 
Mr.  Fletcher  Moulton,  as  one  of  its  members,  and  the  able  services 
of  your  Honorary  Solicitor,  Mr.  G.  L.  Bristow,  for  whose  generoi)0 
devotion  of  his  time  to  the  matter,  the  Society  is  deeply  indebted. 
The  question  of  a  Standard  Wire  Gauge  has  again  occupied 
the  attention  of  the  Council. 

Towards  the  close  of  last  year  the  Board  of  Trade  invited  the 
opinion  of  the  Society  on  some  modifications  proposed  to  be 
made  in  the  Scale  which  they  had  previously  submitted  to  the 
Council,  and  which  the  latter  had  approved,  accompanying  the 
expression  of  their  approval  with  a  strong  recommendation  that 
the  value  in  millimetres  of  the  different  sizes  should  be  given  in 
a  separate  column. 

The  proposed  modifications  were  in  some  respects  considered 
objectionable  to  the  Council,  and  a  deputation  of  its  members 
had  an  interview  with  Mr.  Chaney,  the  head  of  the  Standards 
Department,  when  the  matter  was  fully  discussed,  the  restdt  being 
that  a  Standard  Scale  has  been  adopted  which  meets  with  the 
approval  of  the  Council,  and  they  are  glad  to  see  that  their  sug- 
gestion as  to  the  metrical  value  being  given,  has  been  acted  upon. 

The  Council  deem  it  their  duty  to  refer  to  the  services  of  the 
Committee  which  they  appointed  to  deal  with  this  matter,  and 
especially  to  the  valuable  co-operation  of  their  Past-President, 
Mr.  Latimer  Clark,  whose  labours  in  connection  with  the  subject 
for  many  years  past  are  well  known,  and  have  materially  conduced 
to  a  satisfactory  settlement  of  the  question. 

The  Society  has  again  been  called  upon  to  use  its  influence,  as 
a  Body  representing  electrical  science  and  electrical  industry,  in 
connection  with  the  recent  International  Electrical  Exhibition  at 
Vienna. 

When  invited  so  to  do  by  one  of  the  Vice-Presidents  of  the 
Commission,  who  specially  visited  London  in  the  spring  for  that 
purpose,  the  Council  at  once  stated  that,  owing  to  many  circum- 
stances, it  was  not  probable  that  any  large  number  of  exhibitors 
from  this  country  would  take  part  in  it. 

The  result  proved  that  they  were  right  in  this  anticipation ; 
for,  notwithstanding  the  exertions  of  a  Committee  appointed  by 
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your  Council  to  do  all  that  was  practicable  in  the  matter,  the 
British  Commission,  whom  the  G-oyemment  appointed  at  a  very 
late  date, — consisting  of  Lord  Sudeley,  Sir  William  Thomson, 
the  late  Sir  William  Siemens,  and  Sir  Frederick  Abel, — ^fonnd  on 
their  arrival  at  Vienna  but  a  meagre  collection  of  exhibits  in 
the  British  Section.  At  their  urgent  request,  the  Council  suo- 
<;eeded  in  obtaining  from  some  of  the  few  members  of  the  Society 
who  were  accessible  at  that  time  of  the  year,*  the  loan  of  several 
further  exhibits  of  scientific  and  historic  interest,  and  these, 
which  were  exhibited  in  the  name  of  the  Society,  together  with 
An  important  addition  made  to  the  collection  already  sent  out  by 
H.M.  Postmaster-General,  rendered  the  British  Section  more 
worthy  of  this  country. 

The  Society  is  much  indebted  to  Herr  Leonhardt,  Secretary 
of  the  Austrian  Society  of  Engineers  and  Architects,  and  also 
Secretary  to  the  Exhibition  Commission,  who  most  kindly  under- 
took the  office  of  honorary  representative  of  the  Society  and  agent 
for  the  British  exhibitors. 

It  should  be  mentioned  that  the  British  Commissioners  mos^ 
cordially  approved  and  endorsed  all  that  had  been  done  by  the 
Council  previous  to  their  appointment  by  the  Government,  and 
evinced  their  desire  to  co-operate  with  the  Society  by  appointing 
the  Society's  Secretary,  Mr.  F.  H.  Webb,  as  Secretary  to  the 
Commission  in  London,  and  Lieutenant  Anstruther,  R.E.,  an 
Associate  of  this  Society,  as  Secretary  in  Vienna. 

The  Library  of  the  Society  continues  to  receive  numerous 
accessions,  both  by  purchase  and  through  the  liberality  of  mem- 
bers and  others,  as  will  be  seen  by  the  Librarian's  Report,  appended 
hereto. 

The  Society  is  much  indebted  to  the  gentlemen  who  represent 
it  abroad  as  Local  Honorary  Secretaries  and  Treasurers,  and  whose 
kind  services  materially  facilitate  communication  between  our 
numerous  members  abroad  and  the  Secretary  in  London. 

The  finances  of  the  Society  are  in  a  satisfisu^tory  position,  and 

*  —     '■  ■  '  '  ■  ■  ■   ™      ■  ■  ■■-  ■■■■■_!  ■  ■  .i.^.M.i--  Mill  - ■  ■    ^— ^M^— ^^^i^^.^^^^^^— ^^ 

*  Messrs.  Latimer  Clark,  Bussell  Cramptoiiy  William  Groves,  Professor 
Htighes,  F.  Jacob,  Dr.  Obach,  Bobert  Sabine,  A.  Stroh,  Siemens  Bros.,  the  late 
43ir  William  Siemens,  and  Sir  William  Thomson. 
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have  enabled  the  Council,  notwithstanding  the  expenses  connected 
with  the  Incorporation  of  the  Society,  to  sanction  an  increase  in 
the  annual  vote  for  the  purchase  of  books  and  for  binding ;  and 
also,  as  a  tentative  measure,  an  increase  in  the  sum  devoted  to 
the  preparation  and  translation  of  ^^  Abstracts  and  Extracts '^ 
published  in  the  Society's  Journal.  A  further  amount  of  £155  lOs. 
has  been  invested  on  account  of  life  compositions  received  during 
the  current  year,  making  the  total  amount  so  invested  £876  5s. 

The  following  Eeport  from  the  Librarian  was  then  read : — 

4,  Bboad  Sa^ctuabt,  S.W.,  London, 

10th  December,  1883. 
F.  H.  Webb,  Esq., 

Secretary, 

Society  of  Telegraph-Engineers 

and  Electricians, 

Dear  Sir, 

I  have  the  pleasure  to  forward  you,  for  the  information 
of  the  Council,  my  Fourth  Annual  Report  upon  the  Library  of 
the  Society. 

The  number  of  visitors  who  signed  the  visitors'  book  has 
been  greater  than  in  any  previous  year,  as  will  be  seen  from  the 
following  figures : — 


* 

Members 

KoQ-Memben 

1881. 

1882. 

!«. 

180 
US 

818 

248 

408 
240 

Total      

888 

661 

648 

This  result  is  very  satisfetctory,  and  shows  that  as  the  Library 
is  better  known  its  value  to  those  interested  in  electrical  science 
is  becoming  more  appreciated.  We  continue  to  receive  a  great 
number  of  enquiries  for  information  relating  to  electrical  subjects. 
These  enquiries  do  not  always  entail  very  much  trouble ;  but  in 
some  cases  the  information  sought  is  of  such  a  comprehensive 
character  as  to  render  it  sometimes  difficult  to  comply  with  the 
wishes  of  the  writers,  though  I  am  generally  able  to  give  the 
>quired  information,  or  indicate  where  it  may  be  found. 
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The  collection  of  electrical  patents  has  1)een  carefully  kept  up 
to  date,  and  all  the  most  recently  published  sj)ecifications  are 
every  week  placed  on  the  Library  table  for  reference.  This  im- 
portant collection  has  been  very  much  referred  to  during  the 
year,  and  has  only  to  be  more  widely  known  to  be  more  fully 
appreciated  by  the  members  of  the  Society  and  the  public. 

The  following  figures  give  as  nearly  as  possible  the  number  of 
electrical  patents  taken  out  during  the  last  five  years : — 

1879.        1880.       188].       1882.       1883. 

300.      260.      450.      845.      620. 

The  total  number  of  English  patents  taken  out  during  the  last 
two  years,  to  the  7th  instant,  amount  to  11,644,  of  which  no  less 
than  1,465  relate  to  electricity  and  its  applications,  or  equal  to 
about  12*6  per  cent. 

The  thanks  of  the  Society  are  again  due  to  H.M.  Com- 
missioners of  Patents  and  to  Mr.  R.  Morris,  the  Superintendent 
of  the  Store  Department,  for  the  prompt  manner  in  which  the 
published  specifications  have  been  supplied  to  the  Society. 

The  number  of  works  added  to  the  Library  has  been  far 
greater  than  in  any  previous  year,  in  some  measure  owing  to  our 
having  been  able  to  secure  a  valuable  collection  of  electrical 
pamphlets  formed  by  our  Past-President,  the  late  C.  V.  Walker. 
The  number  of  works  added  to  the  Library  during  the  last  three 
years,  both  by  presentation  and  by  purchase,  will  be  seen  from 
the  following  table  :— 

NUITBEB  OP  WOSK8  AdDID  TO  TBI   LiBSABT. 


1881. 

188S. 

1883. 

By  Presentation    

ff  j;urcna8e  .««    •••    ... 

166 
52 

151 
94 

204 
284 

Total      

208 

245 

488 

A  catalogue  of  the  recent  accessions  to  date  will  be  found 
appended  hereto,  other  lists  having  been  printed  in  each  number 
of  the  Journal  of  the  Society  published  during  the  year. 

Although  the  thanks  of  the  Society  are  due  to  many  members 
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who  have  presented  copied  of  their  works  to  the  Library,  I  regret 
that  this  practice  is  not  so  universal  as  could  be  desired.  These 
presentations  are  particularly  necessary,  not  only  in  <Nrder  that 
such  works  may  be  properly  preserved  and  catalogued  for  future 
reference,  but  in  order  that  the  fond  placed  at  the  disposal  of  the 
Library  Committee  for  the  binding  and  purchase  of  books  and 
periodicals  may  be  reserved,  as  far  as  possible,  for  the  purchase  of 
recent  foreign  works,  and  of  such  works  of  reference  as  should  be, 
but  are  not  in  the  Library.  Many  members  have  expressed  a 
desire  that  a  few  standard  works  on  Chemistry  and  Physics 
should  be  added  to  the  Library ;  and  a  want  has  been  much  felt 
for  some  of  the  old  scientific  serial  publications,  such  as  Brewetef^a 
Edmburgh  Jourruil,  Nicholson* 8  Journal  of  Natural  PhUoaophyj 
SiUiman^a  Journal^  Poggendorff^a  Annalen^  Proceedinga  of  the 
Royal  Inatitutiorij  Mechanica*  Magazine^  Repertory  of  Arts, 
Journal  of  the  Society  of  Arta^  and  many  others  too  numerous  to 
mention.  Many  of  these  publications  contain  electrical  papers  of 
the  greatest  importance ;  and  although  something  has  been  done 
towards  making  up  for  the  deficiency  during  the  last  two  years, 
the  amount  voted  for  Library  account  (a  large  percentage  of 
which  is  expended  in  binding)  is  too  small  to  allow  of  the 
purchase  of  these  serials,  many  of  which  are  very  costly.  I  would 
venture  to  say  that  we  should  be  glad  to  place  upon  the  shelves 
any  donations  similar  to  that  of  Mr.  Louis  Crossley,  who  pre- 
sented to  the  Library  some  years  ago  a  complete  set  of  the 
Philoaophical  Tranaactiona  of  the  Royal  Society. 

In  addition  to  the  periodicals  referred  to  in  the  list  published 
in  Part  47,  Vol.  XII.  of  the  Society's  Journal,  several  others  are 
regularly  received,  and  our  collection  of  current  scientific  peri- 
odicals is  now  a  very  complete  one. 

During  the  year  I  submitted  to  the  Library  and  Editing 
Committee  a  proposal  for  the  compilation  of  a  catalogue  of 
electrical  literature,  classified  into  subjects.  This  proposal  was 
accepted  by  the  Committee,  and  I  have  made  considerable  progress 
with  the  work.  It  is,  however,  one  of  great  labour,  and  it  will  be 
some  time  before  I  shall  be  able  to  report  its  completion. 

At  the  desire  of  the  "  Committee  of  Advice  with  respect  to 
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the  International  Congress  for  the  Determination  of  Electrical 
Units,"  I  prepared  a  complete  catalogue,  of  all  the  English  works 
relating  to  Earth  Currents.  This  catalogue,  which  was  printed  in 
the  Eeport  of  the  Committee  to  the  Lords  of  the  Comjnittee  of 
Council  on  Education,  published,  by  the  Science  and  Art 
Department,  is  appended  hereto. 

I  represented  the  Library  at  the  Annual  Conference  of 
Librarians,  held  this  year  at  Liverpool,  and  was  again  elected  a 
Member  of  Council  of  the  Library  Association  of  the  United 
Kingdom. 

Li  conclusion,  I  beg  to  say  that,  with  the  co-operation  of  the 
members  of  the  Society,  my  efforts  shall  be  devoted  in  the  future, 
as  they  have  been  in  the  past,  towards  making  the  important 
collection  under  my  charge  as  useful  as  it  can  be  to  those 
interested  in  electrical  science. 

I  am, 

Faithfully  yours, 

A.  J.  FBOST, 

Librarian. 

The  meeting  approved  of  the  foregoing  Beports  being  adopted, 
and  printed  in  the  Journal  of  the  Society. 

The  voting-papers  having  been  deposited,  Mr.  R.  Collett  and 
Mr.  W.  Kieser  were  appointed  scrutineers. 

Professor  Gr.  C.  Fosteb  :  May  I  be  allowed  to  make  a  proposi- 
tion, which  is  an  outcome  of  the  Council's  Report,  that  we  should 
ofifer  to  the  Institution  of  Civil  Engineers  our  cordial  thanks  for 
the  hospitality  which  they  have  during  the  past  year  continued 
to  us,  and  which  they  have  extended  to  the  Society  since  its 
foundation.  I  need  not  remind  the  Society  how  much  of  the 
success  which  has  attended  our  meetings  since  the  beginning  has 
been  contributed  to  by  the  kindness  of  the  Institution  of  Civil 
Engineers.  I  will  therefore,  without  further  preface,  move  the 
following  resolution : — "  That  the  cordial  thanks  of  the  Society  be 
presented  to  the  President  and  Council  of  the  Institution  of  Civil 
Engineers  for  their  kindness  and  liberality  in  continuing  to  allow 
the  meetings  of  the  Society  to  be  held  in  their  Lecture  Hall." 
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Col.  E.  D.  Malcx)LM,  C.B.,  R.E.,  seconded  the  proposition, 
which  was  heartily  adopted  by  the  meeting. 

Mr.  E.  Graves  :  There  is  one  gentleman  whose  special  claims 
to  the  thanks  of  the  Society  eminently  deserve  onr  recognition 
and  acknowledgment — I  refer  to  our  Honorary  Solicitor,  Mr.  Cr. 
Bristow.  From  the  foundation  of  the  Society  his  time  and 
trouble  have  always  been  at  our  service,  and  he  has  never  spared 
himself  any  exertions  that  were  requisite  to  give  us  the  benefit 
of  his  advice  in  matters  that  concerned  his  profession.  In  fiu^ 
he  has  been  throughout  our  legal  guide,  philosopher,  and  friend* 
During  the  past  year,  however,  a  special  call  has  been  made  upon 
his  exertions :  he  has  been  particularly  engaged  in  our  interests 
in  efifecting  our  metamorphosis  from  a  voluntary  association, 
without  any  legal  status,  to  a  fully  registered  Limited  Liability 
Company.  With  the  assistance  of  Mr.  Moulton,  our  legal  Member 
of  Council,  many  important  and  engrossing  duties  in  connection 
with  the  task  have  been  performed ;  and  it  is  specially  noteworthy 
that  the  work  has  been  done  purely  in  the  interest  of  the  affairs 
of  the  Society,  no  expense  thereby  arising  excepting  the  unavoid- 
able charge  for  stamps  and  things  of  that  kind,  llierefore  it  is 
unnecessary  for  me  to  use  many  words  to  invite  you  to  accept  the 
proposition  which  has  been  entrusted  to  me — "  That  the  thanks 
of  the  Society  are  due  to  Mr.  Bristow  for  his  valuable  services  in 
connection  with  the  incorporation  of  the  Society." 

Seconded  by  Mr.  Hy.  Edmunds,  Jun.,  and  carried  unanimously. 

The  President:  I  also  have  a  pleasing  duty  to  perform  in 
asking  you  to  give  your  cordial  thanks  to  our  Honorary  Secretaries 
and  Treasurers  abroad.  No  one  knows  better  than  the  Members 
of  the  Council  how  those  gentlemen,  one  and  all,  labour  for  the 
benefit  of  the  Society,  and  they  certainly  deserve  our  best  thanks. 
I  therefore  propose — "  That  the  thanks  of  this  Society  be  given  to 
those  gentlemen  who  have  represented  the  Society  abroad  as 
Local  Honorary  Secretaries  and  Treasurers  during  the  past  year, 
for  their  kind  attention  to  the  interests  of  the  Society." 

The  proposition  was  heartily  agreed  to. 

Mr.  C.  E.  SPAGNOLEm :  I  have  very  much  pleasure  indeed  in 
proposing  the  next  vote  of  thanks.    "  Crood  wine  needs  no  bush," 
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and  therefore  I  am  sure  that  the  vote  of  thanks  I  am  about  to 
propose  will  need  no  words  of  commendation  from  me.  The 
proposition  is  a  vote  of  thanks  to  our  Honorary  Treasurer.  As 
a  member  of  the  Finance  Committee,  I  may  say  that  I  have  had 
the  opportimity  on  several  occasions  of  seeing  the  very  careful 
and  studious  attention  he  pays  to  the  accounts  pf  the  Society, 
which  are  most  carefully  and  properly  scrutinised  by  him.  I  have 
now  the  pleasure  of  moving — "  That  a  vote  of  thanks  of  the 
Society  are  due  to  Mr.  E.  Graves,  Honorary  Treasurer,  for  his 
watchful  care  over  the  finances  of  the  Society." 

Major  R.  Y.  Armstrong,  K.E.,  seconded  the  motion,  which  was 
carried  unanimously. 

Mr.  E.  Graves  :  I  am  very  glad,  gentlemen,  that  the 
management  of  the  finances  of  the  Society  meets  with  your 
approvaL  My  own  share  in  it  has  been  very  little ;  but  I  am 
glad  to  say  that,  since  I  took  the  oflBce  of  your  Treasurer,  we 
have  passed  from  a  state  which  I  may  call  insolvency,  to  that  of 
investors  of  capital,  and  that  fact  in  itself  is  the  most  satisfactory 
answer  I  can  give  to  the  vote  of  thanks  you  have  been  kind 
enough  to  giVe  me. 

The  following  paper  was  then  read : — 

ON  AN  INSTRUMENT  FOR  MEASURING  THE  STRENGTH 

OF  A  MAGNETIC  FIELD. 

By  Mr.  J.  E.  H.  Gordon,  B.A. 

In  the  construction  of  dynamo  machines,  it  is  extremely 
important  to  know  the  true  field  that  our  magnets  produce.  We 
do  not,  when  we  have  got  a  general  idea  before  us  of  a  new 
dynamo,  want  to  spend  the  money,  and,  perhaps  what  is  worse, 
the  time,  required  to  complete  the  dynamo  before  we  have  any 
notion  of  what  the  strength  of  the  field  is.  It  is  a  very  great 
advantage  if  we  can  construct  one  single  magnet  of  the  size  that 
we  think  is  about  right,  and  then  try  what  its  field  is.  There  are 
various  ways  of  measuring  magnetic  fields,  including  the  ordinary 
way  of  measuring  the  earth's  horizontal  magnetic  field,  which 
consists  in  vibrating  a  small  magnet ;  but  none  of  them  are  quite 
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satisfactory  for  the  very  powerful  field  produced  in  dynamo 
machines,  because,  if  the  magnet  happens  to  stick  for  an  instant, 
the  magnetism  of  the  magnet  of  the  dynamo  is  so  strong  that  it 
destroys  or  reverses  the  magnet ;  in  £Etct,  if  the  iron  cannot  tnm 
round,  it  turns  the  magnet  round  without  it.  For  that  reason 
it  is  necessary  to  have  some  instrument  that  will  measure  mag- 
netic fields  in  a  manner  that  will  be  quite  independent  of 
disturbing  causes,  and  I  have  here  an  instrument  which  is  based 
on  one  invented  by  M.  Verdet,  the  French  physicist,  and  used  by 
him  in  his  experiments  on  magnetism  and  polarised  light.  I  have 
used  this  instnmient  a  good  deal,  and  have  found  it  a  very  fiiirly 
satisfetctory  instrument.  It  is  really  a  very  minute  dynamo 
machine  which  turns  in  thp  field,  but  it  only  makes  one  quarter- 
turn.  If  a  small  coil  of  wire  is  moved  through  a  quarter-^tum  in 
a  magnetic  field,  the  total  number  of  coulombs  of  electricity 
generated  in  it  depends  merely  on  the  magnetic  field,  and  for  a 
given  coil  and  resistance  upon  nothing  else,  being  independent  of 
the  speed  of  motion.  If  the  motion  is  made  rapidly  then,  if  the 
terminals  of  the  coil  of  wire  are  connected  to  a  suitable  galvan- 
ometer, the  needle  will  make  a  sudden  swing,  and  the  sine  of 
half  the  angle  of  swing  is  proportional  to  the  total  quantity  of 
electricity  generated — ^that  is,  is  proportional  to  the  strength 
of  the  magnetic  field*  If  we  use  a  reflecting  galvanometer, 
shunted  down  properly  so  as  to  keep  the  deflection  extremely 
small,  then  the  total  quantity  of  electricity  will  be  measured,  not 
by  the  sine  of  half  the  swing,  but  practically  by  the  swing  itself. 
Therefore,  if  we  can  turn  a  small  bobbin  of  wire  rapidly  and 
suddenly  a  quarter-turn  in  a  magnetic  field,  and  connect  it  to  a 
reflecting  galvanometer  at  a  sufficient  distance  to  be  quite  undis- 
turbed by  the  magnetic  field,  we  shall  get  an  accurate  measure- 
ment of  the  strength  of  that  field.  Of  course  that  is  not  a 
measure  in  absolute  units,  but  we  can  reduce  it  to  absolute  imits, 
if  required,  by  causing  the  same  instrument  to  move  under  the 
influence  of  the  earth's  magnetism,  whose  strength  we  know,  by 
the  ordinary  methods ;  or,  what  is  more  important,  if  we  have  a 
dynamo  of  a  certain  size,  we  can  put  side  by  side  two  magnets, 
one  of  which  is  exactly  similar  to  that  in  the  working  dynamo> 
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and  the  other  is  the  magnet  of  the  proposed  dynamo,  and  can  so 
compare  the  fields  produced  by  them.  Also,  by  such  an  instru- 
ment we  can  find  out  how  soon  the  magnets  become  saturated,  by 
sending  currents  of  varying  intensity  through  the  coils  of  the 
magnets  and  taking  the  field  step  by  step  corresponding  to  those 
currents,  and  so  draw  a  curve  showing  the  relation  of  the  magnetic 
field  to  the  strength  of  the  current. 

The  instrument  consists  of  a  very  small  coil  of  wire,  which 
tunas  through  90^  round  an  axis  at  right  angles  to  its  own  axis. 
In  working,  contact  is  broken,  then  the  coil  turned  90°  by  hand ; 
then  contact  is  restored,  and,  the  handle  being  released,  the  coil 
flies  back  through  the  90°,  under  the  pressure  of  a  spring,  when 
immediately  the  needle  gives  a  swing,  and  the  limit  of  that  swing 
is  an  exact  measure  of  the  strength  of  the  field,  or  at  least  it  is 
quite  exact  enough  for  all  practical  purposes.  This  instrument 
serves  not  only  to  measure  the  strength  of  the  field  at  one  point, 
but  to  make  a  complete  chart  or  map  of  the  field,  and  to  map  out 
the  whole  of  the  lines  of  force ;  and  it  is  in  the  method  of  doing 
this  that  this  instrument  differs  from  the  old  one  of  M.  Verdet. 
The  vertical  height  above  the  magnetic  pole  is  regulated  by 
sliding  the  coil  up  and  down  on  the  stem,  and  is  indicated  by  a 
scale  of  inches  graduated  on  the  stem. 

[The  various  ways  of  setting  the  instrument  for  obtaining 
different  observations  were  explained  to  the  meeting  by  Mr* 
Gordon.] 

The  instrument  is  made  to  project  over  the  end  of  the  base, 
and  the  reason  of  that  is,  because  we  often  want  to  see  how  much 
the  magnetic  field  will  be  disturbed  by  the  iron  core  of  the  arma- 
ture ;  and  in  order  to  do  that  the  iron  core  of  the  armature  is  put 
into  position  when  the  observation  is  taken,  and  the  projecting 
piece  of  the  instrument  enables  the  effect  of  its  presence  to  be 
observed. 

This  instrument  can  be  used  for  two  different  purposes* 
Firstly,  by  its  means  the  strength  of  magnets  of  different  sizeer 
can  be  compared*  The  best  way  to  do  that  is  to  wind  their 
bobbins  with  wire  of  the  same  gauge,  and  then  connect  the  twa 
magnets  in  series,  and  put  one  of  Professor  Ayrton's,  or  other 
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absolute  galvanometer,  in  circuit.  Then  we  shall  know  what 
current  we  have,  and  we  know  that  we  are  expending  the  same 
horse-power  per  cubic  inch  of  the  wire  space  in  magnetising  both 
magnets.  When  we  have  determined  the  relative  strength  of 
our  magnets,  we  know  that  the  magnet  we  have  been  experiment- 
ing on  will  have  exactly  the  same  strength  when  the  same  horse- 
power has  been  expended  in  magnetising  it,  even  if  we  wound  it 
of  an  entirely  different  gauge  and  used  a  different  electro-motive 
force,  as  long  as  the  product  of  the  electro-motive  force  and 
current  remains  the  same. 

Secondly,  we  can  see  to  what  extent  it  is  advantageous  to 
increase  the  magnetising  currents  in  a  magnet,  because,  as  you 
all  know,  the  time  of  saturation  comes  when  even  a  considerable 
increase  in  the  magnetising  current  does  not  make  any  appreciable 
further  increase  in  the  magnetic  field,  and  of  course  long  before 
that  is  the  time  to  stop  increasing  the  current  in  the  magnets  of 
dynamo-machines. 

The  President  :  Before  we  discuss  what  Mr.  Gordon  has  just 
said,  we  will  take  his  second  paper,  and  discuss  the  two  together. 

The  scrutineers,  however,  advise  me  that  the  result  of  the 
ballot  for  Officers  for  the  coming  year  is  as  follows,  so  I  will 
announce  the  results  first : — 


PresideTU. 
Professor  W.  G.  Adams,  F.R.S. 


C.  E.  Spagnoletti. 

Professor  D.  E.  Hughes,  F.R.S. 


Vice-PreaiderUa. 

Sir  Charles  Bright,  M.Inst.  C.E, 
Edward  Graves. 


Members  of  Council. 


W.  T.  Ansell. 

Professor  W.  E.  Ayrton,  F.R.S. 

E.  B.  Bright. 

T.  R.  Crampton,  M.  Inst.  C.E. 

R.  E.  Crompton. 

W.  Crookes,  F.R.S. 


H.  C.  Forde,  M.  Inst.  C.E. 
J.  E.  H.  Gordon,  B.A. 
Dr.  J.  H.  HoPKiNSON,  M.  A.,F JLS. 
Col.  E.  D.  Maloolm,  R.E.,  OB. 
Alexander  Siemens. 
Augustus  Stroh. 
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Aasocidte  Members  of  Council. 

Capt.  Gr.  W.  Addison,  R.E.         |  Geo.  Chatterton. 

Mabtin  F.  Eoberts,  F.C.S. 

Honorary  Treaav/rer. 
Edward  Graves. 

Honorary  Secretary. 
Colonel  Frank  Bolton. 

Auditors. 
J.  Wagstaff  Blundell.  I  Fred.  C.  Danvers. 

Honorary  Solicitors. 
Wilson,  Bristows,  &  Carpmael. 

A  vote  of  thanks  was  passed  to  Messrs.  B.  Collett  and  W. 
Kieser  for  acting  as  scrutineers  of  the  ballot. 
The  following  paper  was  then  read : — 

ON  A  METHOD  OF  CALCULATING  THE  TOTAL  HORSE- 
POWER EXPENDED  IN  A  NETWORK  OF  CONDUCT- 
ORS (SUCH,  FOR  INSTANCE,  AS  A  SYSTEM  OF 
STREET  MAINS). 

By  J.  E.  H.  Gordon,  B.A.,  Member. 

In  all  systems  of  electric  lighting  it  is  important  to  know 
what  proportion  of  the  electricity  generated  is  utilised  in  the 
lamps,  and  what  proportion  is  wasted  in  heating  the  conductor. 

When  we  have  a  rule  for  determining  this  we  can  properly 
apportion  the  diameter  of  each  conductor  to  the  current  it  has  to 
carry,  and  to  the  distance  to  which  it  has  to  carry  it ;  so  that,  on 
the  one  hand,  we  may  not,  by  making  the  conductor  too  small, 
expend  too  great  a  quantity  of  coal  in  forcing  the  current  through 
it,  nor,  on  the  other  hand,  by  making  it  too  large,  so  increase  our 
capital  expenditure  on  copper  that  the  interest  on  it  is  too  large 
a  proportion  of  the  annual  rental  which  we  can  charge  for  the 
electricity  used  in  the  lamps. 
VOL.  xn.  37 
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When  the  same  cwrrent  passes  through  two  resistances,  such, 
for  instance,  as  a  wire  and  the  lamps  fed  by  it,  the  horse-powers 
expended  in  the  two  resistances  respectively  is  simply  propor- 
tional to  the  resistances.  For,  if  r  and  r'  arQ  the  two  resistances, 
the  horse-powers  expended  in  them  by  the  same  cwrrent  (C)  are 
respectively, 


and 


and  their  ratios  are 

(1) 

When,  as  in  arc-lighting,  the  lamps  are  all  placed  in  series, 
the  determination  of  the  relative  horse-powers  is  very  simple,  for 
the  wire  is  of  uniform  section  throughout,  and  its  total  resistance 
ii  its  resistance  per  yard  multiplied  by  its  length  in  yards. 

The  resistance  of  each  lamp  is  known,  and  the  total  lamp- 
resistance  is  the  sum  of  these  resistances. 

Example, — Sixteen  arc  lamps,  each  of  2*1  ohms  resistance,  are 
placed  on  a  circuit  of  450  yards  long,  consisting  of  a  wire  having 
a  resistance  of  -006  ohm  per  yard.  What  proportion  of  the 
horse-power  is  used  and  wasted  respectively  ? 

The  lamp-resistance  r=16x2-l  =  33*6  ohms. 

The  wire-resistance  r'  =  450  x  -006  =  2*7  ohms. 

The  ratio 

H.P.   -  r-  ■   2*7   _ 
H.P.   ~  r        33*6  "       ' 
or  8  per  cent. 

Note, — ^We  must  be  careful  not  to  confuse  the  ratio  of  horse- 
power wasted  to  horse-power  used  with  the  ratio  of  horse-power 
wasted  to  total  horse-power. 

The  latter  is  the  ratio  of  wasted  horse-power  to  the  sum  of  the 
wasted  and  used  horse-powers,  or 

HP' 
H.P.+H.P.'        (^^ 
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This,  in  the  case  when  the  current  is  the  same  throughout 
the  circuity  still  depends  only  the  resistances  and  is  given  by  the 
formula 

H.P.  T  /n\ 

H.P.+H.P/-?+7       ^  ^ 

With  a  circuit  as  given  in  the  previous  example,  the  ratio  of 
the  horse-power  wasted  to  the  total  horse-power  would  be 

2*7 
-__- — -— .  =-074,  or  7*4  per  cent. 

33-6 +2-7  '  ^ 

With  one  group  of  incandescent  lamps,  either  in  quantity 
series,  or  of  any  combination  of  the  two  placed  at  the  end  of  a 
pair  of  leads,  as  in  Fig.  1,  the  problem  of  the  determination  of 
the  relative  horse-powers  wasted  and  used  is  equally  simple ;  for 


^^^'"^^  T        T        Main^s 


Poles 


PlO.    1. 

the  wire  being  of  uniform  section,  we  know  its  resistance,  and  the 
resistance  (B)  of  the  group  of  lamps  is  given  by  the  usual  formula 

where  r  is  the  resistance  of  one  lamp,  8  the  number  of  lamps  in 
series  in  each  branch,  and  q  the  number  of  branches  arranged  in 
quantity. 

The  current  in  every  part  of  the  leads  being  the  same  as  the 
current  in  the  group  of  lamps,  the  relative  horse-powers  are  stiU 
proportional  to  the  relative  resistances. 

We  see  in  all  these  problems  that  the  longer  the  conductor  is, 
the  thicker  it  must  be ;  for  if  a  given  conductor  wastes  a  certain 
horse-power,  and  we  wish  to  double  its  length,  i.e.,  to  put  the 
lamps  twice  as  bx  from  the  machine,  without  increasing  the 
waste,  we  must  also  double  its  sectional  area,  so  as  to  keep  the 
resistance  constant. 

In  practical  incandescent  lighting,  however,  the  lamps  are 
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distributed  at  intervals  along  the  pair  of  conductors,  as  in  Fig.  2, 
and  the  problem  at  once  becomes  much  more  complex,  because 
different  parts  of  the  conductors  are  carrying  currents  of  different 
strengths,  and  the  simple  formula  (1)  is  no  longer  applicable. 

For  in  Fig.  2,  if  we  consider  the  branches  L^,  L„  etc,  as 
single  lamps, 

the  portion  a  of  the  conductor  carries  the  current  of  1  lamp. 
„        ^  99  »  ^  lamps. 

99  ^  J>  »  ^         99 

W  ^  J>  »  ^         » 

If  we  consider  the  conductors  4-  d  a  and  —  d  a  in  Fig.  2  to 
be  the  wires  laid  along  a  side  street,  then  the  branches  Lj  L„  etc., 
will  not  be  single  lamps,  but  may  each  be  considered  to  represent 
the  whole  group  of  lamps  in  one  house ;  while,  if  we  consider  the 
conductors  to  be  the  mains  in 'a  principal  street,  the  branches 
L,  L,,  etc.,  may  be  considered  as  representing  the  sub-mains 
branching  into  the  side  streets. 


0      +        <" 

Dynamo 
FoU9 


<t 


Qh     CA     <A     6^. 


—        i  c  h 

Fio.  2. 

We  see  that  Lx  Lj,  etc.,  are  not  necessarily  equal  to  one 
another. 

In  order  to  determii\p  the  relative  horse-powers  used  and 
wasted  in  a  system  of  town  supply,  I  prefer  to  use  the  following 
method  : — 

We  first  mark  out  on  a  large-scale  map  of  the  district  the 
number  of  lamps  likely  to  be  required  in  each  block  or  house. 

We  then  draw  the  street-mains  and  branches  radiating  from 
the  engine-house  to  the  houses  to  be  lighted. 

We  then,  starting  from  the  furthest  points  on  each  branch, 
work  up  towards  the  engine-house,  marking  on  each  branch  and 
main  the  number  of  lamps  it  has  to  carry. 

In  a  district  so  marked  out  we  may  use  plain  numbers  to  re- 
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present  the  number  of  lamps*  in  the  block  or  house  on  which  they 
are  marked,  and  numbers  surrounded  by  a  circle  for  the  number 
of  lamps  whose  current  is  carried  by  the  wire  near  which  they  are 
written. 

To  avoid  confusion,  the  4-  conductor  only  is  shown,  and  when 
the  H.P.  wasted  in  it  has  been  obtained,  the  result  must  be 
doubled  to  obtain  the  total  waste  in  the  +  and  —  conductors. 
Knowinir  the  current  used  per  lamp,  we  know  the  number  of 

We  note  that  the  "  carrying "  number  in  each  branch  is  the 
sum  of  all  the  numbers  beyond  it,  i,e.y  on  the  side  furthest  from 
the  dynamo  in  that  branch. 

In  order  to  secure  the  greatest  economy  of  copper  and  of  coalsy 
the  section  of  the  cond^ictor  must  he  directly  proportional  to  the 
current  it  has  to  carry j  i.e.,  cw  we  leave  the  dynamo,  the  section  of 
conductor  must  diminish  after  each  branch  leaves  it,  i/n  order 
thai  the  same  numher  of  ampires  per  square  inch  may  be  carried 
by  every  part  of  the  conductors  throughout  the  system. 

This  condition  being  given,  then,  for  a  given  district  mapped 
out,  the  amoimt  of  H.P.  wasted  in  the  conductors  is  simply 
proportional  to  the  number  of  ampdres  per  square  inch  which  we 
use. 

By  the  method  we  are  about  to  explain,  it  is  easy  to  calculate 
the  amount  of  horse-power  wasted  in  the  whole  district  for  any 
given  number  of  ampdres  per  square  inch. 

In  order  to  find  the  amperes  per  square  inch  corresponding  to 
the  particular  percentage  horse-power  that  we  are  prepared  to 
waste,  we  must  assume  some  number  of  ampdres  arbitrarily,  and 
find  the  actual  horse-power  wasted,  and  then  the  required  nimiber 
of  amperes  will  bear  the  same  ratio  to  the  required  horse-power 
that  the  arbitrarily-assumed  number  does  to  the  horse-power 
corresponding  to  it.  (4) 


*  The  number  of  lamps  need  not  be  quite  the  total  number  erected,  but 
should  be  the  total  number  likely  to  be  ordinarily  in  use.  It  is  not  necessary 
to  provide  copper  to  be  always  in  position  for  lamps  that  are  only  lighted 
occasionally.  In  putting  on  extra  lamps  for  short  periods,  care  must, 
however,  be  taken  that  the  heating  limit  is  not  approached. 
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For  example,  suppose  in  a  system  where,  say,  100  HJP.  i» 

being  used  in  lamps,  we  are  prepared  to  waste  12^  H.P.,  and  that 

with  an  assumed  current  of  500  ampdres  per  square  inch  we  find^ 

by  the  method  of  calculation  which  we  are  about  to  give,  that  we 

waste  16  H.P.,  then  the  right  number  of  atnpdres  per  square  inch 

for  us  to  use  is 

12i 
jiif  X  500  =  390  amperes  per  square  inch ; 

and,  if  we  have  calculated  the  section  of  copper  on  the  basis  of  50O 
amperes  per  square  inch,  we  must  increase  that  section  in  the  ratio* 
of  16  to  12^. 

Calculation  of  H.P.  Wasted. 

We  now  come  to  the  method  of  calculating  the  horse-power 
wasted  in  a  system  of  conductors  when  a  current  of  a  certain 
number  of  ampdres  per  square  inch  is  flowing  through  it. 

When  there  are  the  same  number  of  amperes  per  square  inch 
in  a  system,  the  horse-power  wasted  in  each  cubic  inch  of  copper 
is  the  same  throughout  the  whole  system  or  district. 

The  resistance  between  the  two  faces  of  an  inch  cube  of 
copper  is  '0000007  (seven  ten-millionths)  of  an  ohm. 

The  horse-power  (which  we  will  call  H.P.)  expended  in  a  cubic- 
inch  of  copper  with  a  current  of  C  amperes  per  square  inch,  is 

,^_  ^  X  >0000007 

xi.jr. —  y^g  ...  ...  \o) 

With  500  amperes  per  square  inch,  the  horse-power  per  cubic 

inch  is 

==—     500«  X -0000007      ^^^^«, 

H.P.= ^^g =-000234        ...         (6) 


When  we  know  this  constant,  H.P.,  and  also  the  total  number 
of  cubic  inches  of  copper  in  the  district,,  we  know  the  total  horse— 
power  wasted  in  the  district. 

To  determine  the  number  of  cubic  inches  of  copper  in  the 
district,  we  return  to  our  map,  on  which  the  number  of  lamps  in 
each  branch  is  marked,  and  we  calculate  a  constant  for  the  area 
of  copper  per  lamp  corresponding  to  our  assimied  current  of,  say^ 
500  ampdres  per  square  inch. 
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For  instance,  if  each  lamp  takes  '85  ampdre,  then  for  each 

lamp  we  must  have 

*85 
^gg  =  '0017  square  inch  of  copper. 

We  then  multiply  the  number  of  lamps  on  each  section  of  the 
branch  or  main  by  this  new  constant,  and  we  get  the  required 
area  of  this  section,  which  we  can  mark  on  it  on  the  map. 

We  next  multiply  the  area  of  each  section  by  its  length  in 
inches,  and  this  gives  us  its  volume  in  cubic  inches. 

Adding  all  the  results  thus  obtained  together,  we  get  the 
total  number  of  cubic  inches  of  copper  in  the  positive  leads 
throughout  the  district. 

Twice  this  result  is  the  total  amount  in  the  +  and  —  leads 
together. 

Multiplying  this  result  by  H.P.,  the  horse-power  constant, 
(which,  when  C  =  500,  is  equal  to  •000234),  ^  get  the  total 
horse-power  wasted  in  the  copper  in  the  whole  system. 

If  the  H.P.  wasted  is  more  or  less  than  the  desired  amount, 
we,  as  we  said  before,  alter  C  proportionately  to  the  desired 
change  in  the  H.P.  wasted. 

We  of  course  know  the  H.P.  expended  in  the  lamps,  as  we 
know  the  number  of  lamps  and  the  H.P.  expended  in  each. 

If  H.P.I,  is  the  total  H.P.  used  in  the  lamps,  and  H.P.^  the 
total  HJP.  wasted,  then  the  percentage  P.^  of  the  whole  H.P. 
expended  which  is  wasted  in  the  leads  is 

100  H.P.^ 
^•^  "  H.P.^  4- H.P.W     ^^ 

As  £Bur  as  we  have  yet  gone,  we  have  assumed  that  all  the 

lamps  are  alight  whenever  the  current  is  flowing. 

In  practice  this  will  not  be  the  case,  and  we  must  note  that  i^ 
the  conductors  remaining  unchanged,  we  diminish  the  number  of 
lamps  on  every  branch  in  a  certain  uniform  ratio,  we  shall 
diminish  the  wasted  H.P.  in  the  square  of  that  ratio. 

That  is,  if  when  1,000  lamps  are  burning  we  are  using 
100  H.P.  and  wasting  10  H.P.,  then,  if  we  reduce  the  number  of 
lamps  to  500,  we  shall  reduce  the  •used  H.P.  in  the  ratio  of  if^^, 
i.«.,  to  50  H.P.,  but  we  shall  reduce  the  wasted  H.P.  in  the  ratio 
of  (-Aftfe)*?  or  to  i  of  its  former  amount,  namely,  to  2^  H.P. 
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To  put  this  in  sjrmbolical  form,  we  may  say  that,  with  a  given 
system  of  conductors,  if 

H.P.^rM  ^8  the  H.P.  wasted  when  M  lamps  are  burning, 
and 

then 

This  formula  is,  as  we  said  above,  only  correct  when  the 
number  of  lamps  diminishes  uniformly  over  the  whole  system, 
ue.f  when  an  equal  proportion  of  the  lamps  in  every  block  are 
turned  out  simultaneously. 

In  districts  containing  the  same  class  of  houses,  the  condition 
is  sufficiently  nearly  approximated  to  in  practice  to  make  the 
formula  (8)  a  useful  one  in  calculating  probable  waste.  Assuming, 
then,  this  condition,  we  can,  if  we  know  the  general  average 
habits  of  the  district  as  to  the  use  of  light,  calculate  the  total 
relative  quantities  of  coals  which  will  be  used  in  the  engines  in 
producing  useful  and  wasted  electricity  respectively. 

We  will  use  the  symbol  H.P.H.  for  "  horse-power-hour,*'  i.e., 
for  a  H.P.  working  for  an  hour.  Thus,  20  H.P.  working  for  3 
hours  would  be  equal  to  60  H.P.H. 

The  coals  used  in  an  engine  are  practically  proportional  to  the 
H.P.H.,  i.e.j  to  the  H.P.  developed,  multiplied  by  the  hours 
during  which  the  engine  works.  In  order  to  determine  the  ratio 
of  the  coals  used  in  producing  wasted  and  useful  electricity,  we 
must  take  the  H.P.H.  used  and  wasted  hour  by  hour  throughout 
the  night. 

This  will  be  best  understood  by  an  example. 

Suppose  that  we  have  1,000  lamps  and  a  given  system  of 
mains,  such  that,  when  all  the  lamps  are  on,  we  use  100  H.P.  and 
waste  10  H.P.,  and  suppose  that  the  number  of  lamps  in  use  at  the 
different  parts  of  the  night  are  as  in  the  first  two  columns  of  the 
following  table,  then  the  H.P.H.'s  used  and  wasted  will  be  as  in 
the  fifth  and  sixth  colimms  respectively,  where  the  letters  L  and 
W  stand  for  "used  in  lamps"  and  "  wasted"  respectively. 
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Honxs. 

Lamps 
burning. 

H.P.I. 

H.P.W 

H.P.H.X. 

H.P.H.W 

Before  6  pjn. 

6-6    „ 

6-7    „ 

7-10  „ 

10-11  „ 

11-12  „ 

12 — 2  ajn. 

After  2    „ 

Very  few 

100 

600 
1,000 

800 

400   . 

200 
Very  few 

Inappreciable 

10 

60 
100 

80 

40 

20 
Inappreciable 

Inappreciable 

•1 

2-5 

10^ 

64 

1-6 

'4 

Inappreciable 

10 
60 
300 
80 
40 
40 

•1 

2*6 

30^ 

64 

1-6 

•8 

ToUl        620 

41*4 

Thus,  although  the  percentage  H.P.  wasted  when  all  the  lamps 
are  on  is  from  (7), 

P.^  =  loo^ooTTo  "  ®'^  P^  ^^^^'' 

yet  the  percentage  of  coals  wasted  in  the  whole  night  is  only 

41-4 
^•^  "=  ^^  520  +  41-4  ==  ^'^  ^^  ^^^• 

The  PBEsmENT :  The  subject  brought  before  us  by  Mr. 
Gordon  is  at  the  present  time  a  very  important  one,  but  it  is  one 
with  which  I  am  not  directly  connected,  therefore  I  will  not 
occupy  or  waste  your  time  with  any  remarks  of  my  own.  I  see 
many  gentlemen  here  present  who  are  more  competent  to  discuss 
the  question  than  I  am,  and  I  now  beg  of  them  to  give  us  their 
opinions  on  what  we  have  heard  to-night. 

Mr.  B.  E.  Cromfton  said  that  such  a  mathematical  and 
interesting  paper  could  not  be  fedrly  criticised  without  full 
consideration.  The  first  noticeable  feature  in  the  paper  was 
Mr.  Gordon's  assertion  that,  ^^in  order  to  secure  the  greatest 
economy  of  copper,  as  well  as  of  fuel  consumption,  the  section  of 
the  conductor  must  be  directly  proportional  to  the  current  it  has 
to  carry,  i.e.,  as  we  get  more  distant  from  the  dynamo  the  section 
of  the  conductor  must  diminish  after  each  branch  leaves  it,  in 
order  that  the  same  number  of  ampdres  per  square  inch  may  be 
carried  by  every  part  of  the  conductors  throughout  the  system." 
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In  fact,  Mr.  Gordon  supposed  the  system  of  conductors  to  be  like 
a  tree  branching  out  with  tapering  limbs,  the  fine  twigs  repre- 
senting the  extremities.  He  was  afraid  that  such  a  state  of 
things  would  never  be  found  in  real  practice,  but  that  the  con- 
ductors must  in  most  cases  form  a  network  extending  over  the 
whole  of  the  district  to  be  supplied  with  electricity.  Again, 
other  network  systems  must  be  connected  on  to  it  which,  if  Mr. 
Gordon's  tree-like  form  were  adopted,  would  require  the  con- 
nections between  the  two  networks  to  be  through  the  fine  twigs, 
a  result  which  would  not  be  satisfactory. 

These  conditions  rendered  it  necessary  to  keep  the  section  of 
the  conductor  constant,  right  up  to  the  end  of  the  twigs,  in  fact, 
throughout  the  whole  network,  and  this  necessity  altered  the 
weight  of  coppCT  from  that  calculated  for  by  Mr.  Gordon  so 
enormously  as  to  make  his  rule  of  small  practical  service. 

Again,  the  whole  of  the  calculations  made  by  Mr.  Gordon  were 
based  on  two  suppositions,  ^r^,  that  one  simple  network  would  be 
employed ;  aecondj  that  the  weight  of  copper  to  be  used  in  the 
mains  depended  upon  the  amount  of  horse-power  which  could  be 
afibrded  to  be  wasted  in  the  mains.  Whereas,  those  who  had 
been  looking  into  this  question  found  that  the  real  consideration 
governing  the  weight  of  copper  was  that  of  keeping  the  potential 
or  E.M.F.  in  the  mains  within  very  narrow  limits.  These  limits 
had  been  fixed  by  the  Board  of  Trade  at  5  per  cent,  on  either 
side  of  the  standard  E.M.F. ;  but  actual  practice  showed  that 
even  this  variation  caused  far  too  great  variation  in  the  amount 
of  light  given  by  an  incandescent  light  worked  up  to  an  economical 
temperature  of  filament.  Experiments  showed  that  firom  2  to  2^ 
per  cent,  on  either  side  of  the  standard  would  probably  be  the 
utmost  variation  which  would  be  tolerated  by  the  users  of  the 
electricity.  In  order  to  maintain  the  E.M.F.  in  the  mains  at  or 
near  the  houses  within  these  very  narrow  limits,  the  simple  tree- 
like form  would  have  to  be  replaced  by  a  far  more  complex  system. 

It  appeared  probable  that  the  houses  must  be  connected 
on  to  a  network  extending  over  the  whole  area.  The  section 
of  the  conductor  forming  the  network  must  be  constant. 
His    own    investigations    led    him    to    si^pose    that    a    com- 
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paratively  light  section  of  main  in  the  network,  fed  at  many 
points  by  feeders  of  light  section,  as  compared  with  the  current 
they  would  have  to  carry  (at  times  of  excessive  demand),  would 
be  the  method  most  likely  to  utilise  the  copper  in  the  mains  to 
best  advantage.  In  laying  out  such  a  system  of  mains,  the 
section  of  conductor  of  the  network  would  depend  on  the  number 
and  distance  apart  of  the  points  at  which  the  feeder-mains  are 
attached  to  the  network,  and  must  be  calculated  on  the  supposi- 
tion that  the  extreme  fall  in  E.M.F.  from  these  feeding  points  to 
the  lamps  in  the  house  must  not  exceed  the  above-mentioned 
limits.  The  section  of  the  feeder-mains  might  be  calculated  by 
some  modification  of  Sir  Wm.  Thomson's  rule,  which  would  take 
into  consideration  on  the  one  side  the  interest,  etc.,  on  the 
capital  charge  of  the  first  cost  of  mains,  including  copper,  insu- 
lation, and  roadwork ;  and  on  the  other  side,  the  cost  of  the 
loss  in  horse-power  during  the  comparatively  short  time  during 
which  the  feeders  would  have  heavy  currents  passing  through 
them. 

As  he  had  said  before,  to  do  these  matters  full  justice  requires 
more  time  and  consideration  than  could  possibly  be  given  to  it  in 
the  general  discussion. 

He  noticed  the  term  "horse-power  hours"  used  by  Mr.  Gordon, 
and  suggested  that  it  would  be  much  more  convenient  to  adopt 
for  all  such  calculations  the  official  "  unit"  of  1,000  volt-ampdres 
flowing  for  one  hour,  adopted  by  the  Board  of  Trade  for  all  the 
electric  lighting  provisional  orders.  This  unit  is  about  equal  to 
1^  horse-power  for  an  hour,  and  as  it  is  to  be  the  legal  measure  of 
electricity  it  was  as  well  to  become  at  once  accustomed  to  its  use. 

Professor  W.  E.  Ayrton  :  Mr.  Crompton  has  put  the  matter 
very  clearly.  There  are  two  totally  different  points  to  be  taken 
into  consideration  in  deciding  on  the  size  of  the  conductor  to  be 
used  for  electric-lighting  mains — one,  the  question  of  the  horse- 
power wasted  in  the  conductor;  the  other  (and  a  much  more 
important  one),  the  necessity  for  arranging  the  conductors  in  such 
a  way  that  the  potential  difference  shall  not  differ  seriously  from 
house  to  house,  or,  what  is  still  more  important,  shall  not  differ 
seriously  in  the  same  house  from  hour  to  hour. 
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Five  per  cent.  diflFerence,  allowed  in  the  Provisional  Orders,  is 
far  too  great ;  four  per  cent.  I  find  also  too  great,  for  with  that 
variation  of  the  potential  in  the  terminals,  I  find  lights  go  np  and 
down  in  a  most  serious  and  annoying  way. 

The  question  of  the  horse-power  expended  appears  to  me  to 
have  been  fully  dealt  with  by  Sir  William  Thomson  in  his 
communication  to  the  British  Association  in  1881,  in  which  he 
considered  very  carefully  as  to  what  should  be  the  proper  section 
to  give  to  a  conductor.  He  showed  that  if  you  were  only  con- 
sidering the  question  of  the  power  wasted  in  the  conductor,  and 
not  going  into  the  question  of  difference  of  potentials  at  different 
points,  but  merely,  as  I  have  said,  considering  the  power  wasted 
in  transmitting  electricity  for  a  certain  distance,  then  that  the 
section  of  conductor  ought  to  be  directly  proportional  to  the 
current,  and  independent  of  the  length.  And  further,  that  taking 
as  £10  per  annum  the  commercial  value  of  a  horse-power  in 
England,  and  the  value  of  good  conductivity  copper  as  something 
like  £70  per  ton,  he  arrived  at  the  conclusion  that  if  you  want 
the  waste  of  horse-power  in  heating  the  wire,  plus  the  waste  of 
interest  on  capital  expended  in  the  copper  lying,  so  to  say,  useless 
in  the  street,  then  you  ought  to  put  about  (if  I  remember  rightly) 
one  square  centimetre  of  copper  for  every  50  amperes,  which  I 
think  comes  to  about  a  square  inch  for  every  250  amperes.  That 
calculation  has,  of  course,  nothing  whatever  to  do  with  the 
question  of  safety.  His  conclusion,  mathematically  arrived  at, 
leads  also  to  the  result  that  the  value  of  the  horse-power  vrasted 
in  heating  the  conductor  must  be  equal  to  the  interest  on  capital 
expended. 

Mr.  Crompton  most  properly  drew  attention  to  the  very  im- 
portant question  of  arranging  the  conductors  so  that  there  shall 
not  be  more  than  but  a  very  limited  amount  of  fluctuation  of 
potential  difference  at  the  terminals  of  the  house.  That  is  an 
extremely  complicated  matter,  and  cannot  be  settled  by  any  easy 
rule.  Thomson's  rule  would  apply  if  the  generator  was  at  a  given 
point,  and  the  first  set  of  houses  at,  say,  a  mile  away,  and  would 
show  the  money  required  in  copper,  disregarding  the  sheathing 
of  the  copper — it  would  tell  you  the  proper  diameter  to  give  to 
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your  conductor ;  and  then  comes  the  very  serious  question  as  to 
how  the  houses  are  to  be  joined  on  to  this  main  conductor. 

As  regards  the  very  ingenious  apparatus  which  Mr.  Gordon 
has  brought  before  us  for  measuring  the  strength  of  a  magnetic 
field,  I  would  feel  obliged  if  he  will  kindly  tell  us  how  the 
measurement  is  to  be  taken  when  we  want  to  know  the  strength 
of  the  magnetic  field  between  the  iron  of  the  armature  and  the 
iron  of  the  field-magnet.    The  space  is  too  small  to  insert  this 
instrument;  and  one  cannot  remove,  say,  the  iron  of  the  armature 
and  measure  the  field  produced  by  the  field-magnet  near  the  place 
previously  occupied  by  the  iron  of  the  armature,  and  thus  presume 
that  the  new  field  is  the  same  as  the  old  one  which  you  wished 
to  measure.    The  iron  of  the  armature   not  only   strengthens 
the  field,  but  completely  modifies  the  direction  of  the  lines  of 
force.    Take,  for  example,   a  Gramme,  or  Edison,  or  Siemens 
machine,  then   if  the  iron  of  the  armature  were  removed  the 
field  would  be  very  weak,  owing  to  the  projections  of  the  pole- 
pieces  of  the  field-magnet  leading  the  lines  of  force  away  from 
the  space  which  is  usually  occupied  by  the  armature.    In  fact, 
measurements  made  without  the  armature  in  position  would  give 
no  indication  of  what  the  field  was  when  the  armature  was  there. 
But  if  the  armature  is  in  position,  it  is  difficult  to  get  a  piece  of 
apparatus  like  that  of  Mr.  Gordon's  between  the  iron  of  the 
armature  and   that  of  the    field-magnet,  and  consequently  an 
extremely  thin  coil  of  wire  has  been  adopted  by  other  experi- 
menters for  the  purpose ;  the  ends  of  such  a  coil  are  joined  to  a 
galvanometer,  and  then,  the  thin  flat  coil  having  been  put  at  the 
spot  where  we  desire  to  measure  the  strength  of  the  magnetic  field, 
it  is  suddenly  jerked  away,  and  the  galvanometer  deflection  gives 
us  what  we  desire.    Any  field  measurer,  to  be  of  real  service,  must 
be  able  to  be  put  in  the  place  where  you  want  to  measure  the 
strength  of  a  magnetic  field,  and  must  not,  in  order  to  be  used, 
necessitate  removal  of  the  mass  of  iron  which  is  there  when  you 
are  using  the  machine,  and  which  most  seriously  alters  both  the 
distribution  and  number  of  lines  of  force. 

Professor  G.  C.  Foster  asked  Mr.  Gordon  why  his  instrument 
for  measuring  the  strength  of  a  magnetic  field  moved  through 
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a  quarter-revolution,  instead  of  a  half-revolution,  which  at  first 
sight  would  appear  to  be  better,  because  the  movement  must 
either  begin  or  end  at  a  point  of  maximum  induction,  and  a  small 
error  in  the  amount  of  motion  (if  the  motion  were  a  little  more 
or  less  than  an  exact  quarter-revolution)  would  cause  an  error  in 
the  measurement  obtained.  But  if  the  rotation  were  through 
two  right  angles,  starting  from  a  position  of  minimum  action  and 
passing  to  another  position  of  minimum  action,  any  little  error  at 
the  starting  or  ending  would  have  scarcely  any  influence  on  the 
measurement. 

As  to  the  use  of  a  shunt  mentioned  by  Mr.  Gordon,*  the 
Society  would  remember  a  paper,  read  in  one  of  the  early  years 
of  its  meetings,  by  Mr.  Latimer  Clark,  who  pointed  out  what  was 
very  well  known  to  electricians,  that  although  a  shunted  galvan- 
ometer may  give  an  accurate  measurement  for  a  steady  current, 
it  was  not  a  thing  to  be  used  without  consideration  in  the  case  of 
an  instantaneous  current :  the  shunt-ratio  was  different  in  that 
case.  It  would  appear  preferable  to  reduce  the  throw  of  the 
galvanometer  by  putting  in  resistance  rather  than  by  shunting 
in  such  a  case. 

Professor  D.  E.  Hughes  had  as  yet  no  opportunity  of  experi- 
menting upon  the  powerful  electro-magnet  of  dynamo  machines, 
but  in  the  course  of  his  investigations  upon  the  cause  of  magnet- 
ism he  often  needed  some  method  of  reading  the  amount  of 
evident  magnetism  on  different  parts  of  the  same  bar  or  sheet  of 
iron  or  steel. 

He  had  shown  in  his  late  paper  upon  the  theory  of  magnetism, 
that  if  soft  iron  had  mechanical  vibrations  given  to  it,  such  as 
blows  from  a  wooden  mallet,  or  slight  bending  to  and  fro,  that 
the  molecules  were  allowed  far  greater  freedom  during  this  vibra- 
tion, and  rotated  in  accordance  with  the  exterior  directing  force, 
the  force  observed  on  the  rod  being  in  proportion  to  the  strength 
of  the  exterior  field.  Now,  by  placing  a  soft  iron  wire  near  or  in 
contact  with  different  parts  of  a  magnet,  vibrating  it  whilst  in  this 
position,  we  could  remove  the  rod  and  take  measures  of  the  sunount 
of  evident  magnetism  induced  in  the  rod  by  its  contact  at  any 
given  spot.    The  rod  should  be  rendered  neutral  before  each  trial 
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by  vibrating  it  in  a  neutral  field,  or  east  and  west.  We  can  thus 
easily  map  out  the  distribution  of  evident  magnetism  on  small 
bars  and  sheets,  the  operation  being  very  similar  to  the  ^^  proof 
plane  "  employed  many  years  since  for  static  electricity. 

He  could  not  say  that  this  method  would  have  any  value  for 
the  purpose  for  which  Mr.  G-ordon  had  designed  his  admirable 
instrument.  The  instrument  of  Mr.  Grordon  he  regarded  as  being 
designed  for  the  special  conditions  which  he  had  mentioned,  and 
for  this  he  thought  it  to  be  perfectly  adapted. 

Mr.  G-ISBERT  Kapp  asked  whether  it  was  a  matter  of  importance 
what  position  the  axle  of  the  small  dynamo  occupied  in  relation 
to  the  edge  of  the  pole-pieces,  or  to  the  force  of  it.  If  an  error 
were  made  in  setting  the  instrument  to  the  correct  angle  it  might 
make  the  observations  erroneous. 

Mr.  Thomas  Blakesley  thought  that  some  confusion  existed 
as  to  the  real  meaning  of  the  law  of  economy  ruling  the  dimensions 
of  conductors,  and  he  hoped  he  could  put  the  matter  in  a  some- 
what clearer  light.  Mr.  Gordon  gave  the  law  as  having  merely  to 
do  with  electrical  quantities,  whereas  it  involved  pounfis,  shillings, 
and  pence  in  the  cost  of  materials  and  power.  Sir  William 
Thomson's  law  was  only  true  of  a  conductor  the  cost  of  which 
varied  as  its  cross-section,  but  every  one  knew  that  there  were 
elements  of  expense  in  installing  a  conductor  which  did  not  vary 
in  this  way.  Some  items,  indeed,  would  not  change  with  the 
dimensions  of  the  conductor  at  all,  e.g.y  the  rent  of  a  subway, 
within  limits.  Other  items  would  vary  merely  as  the  diameter  of 
the  conductor.  In  a  land-cable  well  insulated  and  covered  with 
gutta  percha  and  jute,  it  will  be  found  that  the  expense  represents 
ing  this  covering  (i.e.,  the  whole  expense  less  the  expense  of  the 
bare  conductor)  varies  nearly  as  the  diameter  of  the  conductor, 
and  is  often  the  most  considerable  part  of  the  expense.  Again, 
the  cost  of  galvanising  should  vary  as  the  diameter,  or,  if  a  cable 
were  sheathed  in  a  mantle  of  lead  of  a  certain  fixed  thickness,  so 
as  to  keep  the  capacity  of  the  cable  the  same,  then  the  cost  of 
this  lead  would  be  as  the  diameter  of  the  conductor. 

Now,  in  taking  these  matters  into  consideration  when  fixing 
the  size  of  the  most  economical  conductor, — in  the  first  place,  fi*om 
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the  whole  expense  of  the  installation  must  be  deducted  entirely 
those  items  which  are  independent  of  the  size  of  the  conductor  ; 
secondly,  a  further  deduction  must  be  made  of  half  the  expenses, 
which  vary  as  the  diameter  or  square  root  of  the  cross-section. 
Then  the  interest  on  the  remainder  should  be  equal  to  the  yearly 
cost  of  the  energy  absorbed  in  the  conductor,  when  the  economical 
dimension  is  attained.  He  gave  the  following  proof  of  the 
propositions  :— 

Let  the  yearly  interest  on  a  conductor  be  composed  of  three 
terms — 

1st,  a,  a  constant  term ; 

2nd,  6  A*,  a  term  varying  as  the  diameter ; 

3rd,  c  A,  a  term  varying  as  the  area  of  cross-section, 
where  a,  6,  c  are  constants,  and  A  is  the  area  of  cross-section. 
Let  the  expense  of  absorption  in  the  same  time  be  represented  by 

the  term  d  — j-,  where  d  is  a  constant,  C  is  the  current,  t  the  time 

A 

during  which  it  is  employed.  Then  the  whole  expense,  E,  is 
obviously  tt^e  srun  of  these  four  terms — that  is, 

E  =  a  +  6A*  +  cA  +  ^^\ 

A 

and  this  has  to  be  made  a  minimum,  a  condition  determined  by 

the  equation 

b  _  d.(?t 

*  A*  "^  ^  -      A"     ' 
The  inspection  of  this  shows  that  the  current  is  not  propor- 
tional to  the  cross-section,  except  in  the  rare  cases  where  6  is  zero 
or  negligible.     If  the  above  equation  is  multiplied  through  by  A, 
it  becomes — 

i6A'-  +  cA  =  ^^^- 
*  A 

The  first  term  on  the  left  is  half  the  expense  varying  as  the 
diameter ;  the  second  term  is  the  whole  expense  varying  as  the 
cross-section.  The  constant  term  a  has  disappeared,  and  the  term 
on  the  right  is  the  yearly  expense  of  absorption ;  which  proves 
the  propositions  stated. 

Professor  W.  E.  Aykton  was  obliged  to  the  last  speaker 
for    drawing  attention  to    an    apparent  omission   on   his  part 
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in  reference  to  Sir  William  Thomson's  law.  In  his  remarks, 
however,  he  was  not  drawing  attention  to  what  might  occur  in 
practice,  but  simply  to  Sir  William  Thomson's  law.  As  a  matter 
of  fact,  when  his  colleagues  and  himself  were  making  calculations 
last  year  for  underground  wires  on  a  very  large  scale,  in  Paris, 
he  had  to  take  into  account,  not  merely  the  cost  of  copper,  but 
of  iron  pipes,  paraffin  oil,  and  jute,  which  was  the  material  pro- 
posed for  insulating  the  wire,  and  of  course,  as  Mr.  Blakesley  had 
said,  things  which  were  not  proportional  to  the  sectional  area  of 
the  copper  had  to  be  considered,  and  the  result  would  not  be  that 
of  Sir  William  Thomson's  law.  Sir  William  Thomson's  law  was 
given  for  overhead  wires  between  Niagara  and  New  York,  and 
would  apply,  because  in  that  case  the  cost  of  the  wire  was  very 
much  greater  than  the  cost  of  the  insulation.  In  small  installa- 
tions, even  where  bare  wires  and  insulators  were  used  (and  he 
knew  of  a  considerable  installation  that  was  now  being  made  in 
a  large  public  building).  Sir  William  Thomson's  law  might  also 
not  apply,  because  the  labour  of  erecting  wire  was  a  serious 
matter,  and  was  not  taken  into  account  in  Sir  William  Thomson's 
equations. 

Mr.  C.  A.  Carus  Wilson  said  it  would  be  very  interesting  to 
have  some  further  explanation  as  to  what  Mr.  Grordon  meant 
when  he  said :  "  We  then,  starting  fix)m  the  furthest  points  on 
each  branch,  work  up  towards  the  engine-house,  marking  on  each 
branch  and  main  the  number  of  lamps  it  has  to  carry, ^^  That 
seemed  to  him  the  greatest  difficulty  in  the  whole  arrangement. 
With  a  single  street  it  was  easy  to  find  the  total  current  it  would 
have  to  carry ;  but  the  difficulty  arises  when  we  come  to  a  net- 
work. To  determine  what  current  each  street  of  a  network  should 
carry  is  a  very  laborious  matter  to  work  out  arithmetically. 
Some  graphic  method  might  perhaps  be  possible :  Mr.  Gordon 
could  perhaps  state  how  he  proposed  to  do  it. 

Mr.  J.  E.  H.  Gordon,  in  reply,  said:  As  to  the  advantage 
of  a  half-turn  instead  of  a  quarter-turn,  suggested  by  Professor 
Foster,  no  doubt,  as  the  instrument  now  stands  before  you,  a 
half-turn  would  be  more  advantageous ;  but  we  very  often  want 
to  know  the  magnetic  force  when  the  coil  is  close  down  on  the 
VOL.  xn*  38 
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magnet  pole,  and  in  such  a  position  there  would  not  be  room 
for  the  lever  to  work.  As  it  is,  we  can  only  get  within  three- 
quarters  of  an  inch  of  the  pole,  and  a  half-turn  arrangeHkent 
would  pull  us  up  an  inch  more,  while  the  bottom  inch  is  a  very 
important  part  to  investigate,  and  in  designing  the  instrumi^it, 
I  thought  it  would  be  well  to  sacrifice  the  accuracy  to  be  obtained 
by  half  a  turn  in  order  to  be  able  to  get  quite  close  to  the  pole. 

With  regard  to  the  shunted  galvanometer,  if  I  compared  a 
strong  magnet  with  a  weak  one,  I  should  not  propose  to  work  the 
galvanometer  without  any  shunts  with  the  latter  and  put  in 
shunts  with  the  former :  I  am  quite  aware  that  that  would  not 
give  a  proper  comparison.  With  the  same  shunt  in  throt^hout 
the  whole  experiment  we  take  the  field  prop(»rtionate  to  the 
swing,  and  that  is  the  way  we  always  work  in  practice*  I  should 
never  think  of  using  different  shunts  in  two  experiments  which 
are  comparable  to  each  other ;  but  in  spite  of  the  necessity  of 
using  shunts  which  it  involves,  I  prefer  an  instrum^it  where  the 
strength  of  the  field  is  proportionate  to  the  deflection  instead  of 
to  the  sine  of  half  the  angle,  which  would  be  too  complex  to  w(»k 
out. 

As  to  what  Professor  Ayrton  said  in  regard  to  the  armature, — 
as  I  think  I  explained,  the  whole  reason  for  the  projection  on  the 
base  of  the  instrument  was  that  it  might  be  brought  up  close  to 
an  armature*  There  would  be  difficulty  in  introducing  it  in  the 
Edison  machine  (which  was  referred  to  by  Professor  Ayrton) ;  but 
we  make  a  different  type  of  machine  where  we  can  get  ail  round 
the  armature  coil  without  difficulty.  In  regard  to  the  coik  used 
in  my  machines,  we  can  get  quite  dose  to  the  cores,  and  do  put 
the  cores  in  position  before  using  the  machine*  If  we  altered  our 
type,  I  should  adopt  Professor  Ayrton's  suggestion,  and  alter  the 
instrument  accordingly ;  but,  as  it  has  been  made  for  our  own  use, 
we  find  we  can  get  all  round  the  cores  of  our  armaturercoils  with 
the  way  in  which  it  is  arranged,  and  can  get  at  every  part  of  the 
machine*  I  want  to  measure  the  field  where  the  wire  is,  and 
where  the  current  is  generated,  and  there  the  instrument 
will  go.  I  am  quite  aware  that  we  do  not  get  an  accurate 
measurement,  because  the  field  is  different  when  the  madune  is 
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in  motion  to  when  it  is  at  rest ;  but  I  do  contend  that  with  sueh 
an  instrument  we  get  a  useful  guide  in  designing  the  machine, 
and  are  more  likely  to  approximate  to  a  good  machine  after  we 
have  tried  the  magnets  with  an  arrangement  of  this  sort  (im- 
perfect though  it  may  be)  than  if  we  were  to  build  a  machine 
without  any  experiment  at  all. 

I  was  very  much  interested  in  what  Professor  Hughes  said 
about  the  method  of  working  with  little  bits  of  iron  and  small 
magnets- 
Professor  Hughes  :  Large  magnets. 

Mr.  J.  E.  H.  Gordon  :  Large  magnets  and  small  pieces  of  iron. 
The  magnets  that  we  use  would  pull  a  spanner  out  of  a  man's 
hand  6  or  8  inches  away.  I  have  seen  a  carpenter^s  wooden  2-foot 
rule  placed  against  the  pole  of  a  magnet,  standing  straight  out, 
caused  by  the  magnet  acting  on  the  little  clip  put  over  the  end  of 
the  rule  to  prevent  fraying ;  and  I  am  afraid  that  if  we  attempted 
to^  employ  such  magnets  as  Professor  Hughes  mentioned,  they 
could  not  be  held  at  any  particular  angle.  The  vibrating  arrange- 
ment would  be  much  more  accurate  fojr  any  small  magnetic  forces, 
such  as  the  earth's  force ;  but  the  method  I  have  shown  is  meant 
as  a  practical  one  to  get  over  the  difficulty  of  using  magnets 
when  the  field  is  strong  enough  to  pull  them  out  of  their  supports, 
or  to  demagnetise  them. 

As  to  what  Mr.  G-isbert  Kapp  said  about  position,  I  should 
think  that  an  alteration  in  position  would  make  a  difference.  I 
have  not  made  accurate  experiments  on  that  yet;  but  have  been 
careful  to  put  the  instrument  in  the  sune  relative  position  in 
each  two  cases.  In  fact,  the  practical  way  in  which  we  use  tiie 
instrument  is  rather  more  simple  than  that  described. 

Returning  to  the  matter  of  the  mains,  I  must  point  out  to 
Mr.  Crompton  that  I  did  not  call  my  paper  "  a  method  of  finally 
calculating  the  best  proportion  to  give  to  mains,"  but  ^*  a  method 
of  calculating  the  horse-power  expended  in  mains."  I  am  quite 
aware  that  the  horse-power  expended  in  mains  is  not  the  only 
consideration  which  should  guide  us  in  settling  our  size;  but, 
as  I  have  said,  the  method  of  determining  the  fall  of  electxo- 
motive  force  is  an  extremely  compile  thing,  but  the  h6rse*tM>wer 
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expended  is  closely  connected  with  it.  When  the  horse-power 
expended  is  small,  the  fall  of  potential  is  small;  and  a  cal- 
culation of  the  amount  of  horse-power  wasted  in  the  mains, 
and  the  percentage  horse-power  so  wasted,  will  give  us  a  good 
deal  of  valuable  information,  and  I  do  not  claim  more  than 
that  for  the  method;  and  having  worked  out  this  as  a  first 
approximation,  any  further  information  that  we  can,  by  calcula- 
tion or  experiment,  get  as  to  what  the  fall  of  potential  may  be, 
will  be  extremely  valuable*  There  is  nothing  in  the  calculations 
that  prevents  us  having  feeders.  I  am  not  assuming  that  the 
calculations  are  final,  but  they  give  us  a  good  deal  of  valuable 
information ;  and  I  think  the  practical  way  is  to  consider  the  net- 
work cut  at  certain  points  (and  of  course  we  put  it  together 
afterwards),  and  work  out  as  near  as  we  can  what  the  modification 
ought  to  be.  But  Mr.  Crompton's  view,  that  it  is  necessary  to 
make  the  conductor  of  the  same  section  throughout,  certainly 
startled  me.  I  think  the  copper  bill  would  be  something  very 
terrible ;  it  seems  to  me  that  in  that  case  there  would  be  a  great 
portion  of  the  copper  conveying  much  less  current  than  it  would 
reasonably  carry,  and  in  another  portion  too  much  current  would 
pass.  That  is  a  question  which  only  experience  can  decide,  and 
which  I  hope  both  Mr.  Crompton  and  ourselves  will  have  an  early 
opportunity  of  testing  practically. 

What  I  had  to  say  as  to  Sir  William  Thomson's  law  has  been 
anticipated  by  Mr.  Blakesley.  That  law  is  very  interesting 
scientifically,  and  would  be  of  practical  value  if  the  conductor 
could  be  floated  in  the  air ;  but  it  does  not  take  into  account  the 
cost  of  insulation,  or  of  boilers,  dynamos,  etc.,  all  of  which  must 
be  considered  in  making  up  the  total  expense ;  therefore  I  cannot 
see  that  the  law,  however  interesting  scientifically,  is  of  any 
practical  use. 

Then  Mr.  Cams  Wilson  asked  a  question  as  to  the  number 
of  lamps.  We  plot  out  on  the  map  the  number  of  lamps  that 
each  house  is  likely  to  require,  and  so  ascertain,  as  nearly  as  possible, 
how  many  each  main  will  have  to  supply,  and  a  margin  is  allowed 
in  excess  of  the  probable  number :  that  is  as  near  as  we  can  go  in 
public  district^lighting.     In  private  district  lighting,  where  the 
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property  is  all  under  one  hasd,  the  Dumber  of  lamps  is  kaown 
with  accuracy,  but  vith  public  liglitiDg  a  guess  is  the  only  thing 
possible. 

Professor  Aykton  remarked  that  he  had  instanced  an  Edison 
or  a  Siemens  machine,  but  that  his  observations  would  apply 
equally  well  to  Mr.  Gordon's  own  machine,  shown  in  the  following 
figure,  where  A  and  B  were  the  field  magnets,  and  C,  D,  E  and  F 
the  annatures,  or  vice  versa.  In  either  case  the  lines  of  force  were 
something  like  the  dotted  lines  shown  in  the  figure,  and  the  place 
where  it  was  of  practical  importance  to  measure  the  strength  of 
the  magnetic  field  was  between  the  &ces  of  A  and  C,  of  B  and  E, 
that  is,  in  the  small  space  S,  which,  in  order  to  make  the  machine 


powerful  was  necessarily  kept  as  small  as  possible.  To  measure 
the  field  in  the  space  occupied  by  the  wire  on  the  armature,  in  the 
completed  machine,  before  the  armature  was  wound,  which  was  all 
that  could  be  effected  by  Mr.  Crordon's  apparatus,  was  compara- 
tively useless,  the  power  of  the  machine  depending,  as  it  did,  on 
the  number  of  lines  of  force  passing  across  the  space  S. 

The  President  :  G-entlemen, — We  have  had  two  very  interest- 
ing papers,  and,  I  think  you  will  all  admit,  a  very  interesting  and 
instructive  discussion.  I  am  not  surprised  to  find  that  there  is  a 
great  di£ference  of  opinion  on  the  subject.  Although,  as  I  said 
before,  I  am  not  inunediately  connected  with  electric  lighting,  I 
frequently  use  my  spare  time  in  experimenting  in  this  direction 
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for  my  own  information ;  and  perhaps  one  day  I  shall  give  the 
Society  the  benefit  of  my  researches.  To-night  is  the  first  tin(xe 
I  have  seen  the  instrument  Mr.  Grordon  has  shown  us,  and  I  shall 
be  glad  if  he  will  allow  me  to  experiment  with  it;  for  the  results 
I  have  obtained  show  that  there  is  much  to  be  learnt  with  regfuxl 
to  instruments  for  magnetic  measurement.  But  however  we 
may  differ  in  opinions,  I  am  sure  you  will  be  all  in  accord  in 
acknowledging  your  thanks  to  Mr.  CK>rdon  for  the  two  papers  he 
has  brought  before  us,  and  for  the  discussion  they  have  evolved. 

Professor  W.  E.  Ayrton:  As  I  have  been  rather  critical, 
I  shall  have  very  great  pleasure  in  seconding  the  vote  of  thanks 
to  Mr.  Gordon. 

The  President  formally  put  the  vote  to  the  meeting,  and  it 
was  cordially  expressed. 

A  ballot  took  place,  at  which  Mr.  William  B.  Esson  was  elected 
as  an  Associate,  and  the  meeting  adjourned  until  the  10th 
January,  1884. 
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BOABD  OF  TbADE  (STANDARDS  DePABTMENT), 

7,  Old  Palacb  Yabd,  S.W., 

5ih  September,  1883. 

Sm, 

With    reference  to  previous    oommimicatlons   on  the 

question  of  a  standard  wire-gauge,  I  am  directed  by  the  Board  of 

Trade  to  acquaint  you  that  a  new  standard  wire-gauge  of  the 

several  sizes  herewith  enclosed  has  been  now  made  and  duly 

verified  under  the  Weights  and  Measures  Act,  1878. 

I  am  also  to  enclose  copy  of  a  circular  letter  which  has  been 

addressed  on  this  subject  to  the  several  local  authoriti^  imder 

the  Act. 

I  am,  Sir, 

Your  obedient  Servant, 

Henry  G.  Calcraft. 
F.  H.  Webb,  Esq., 

Secretary, 

Society  of  Telegraph-Engineers, 

4,  Broad  Sanctuary,  S,  W. 


"  Board  of  Tbadb  (Stakdabds  Dbpabthent), 

"  7,  Old  Palace  Yabd,  8.W., 

"  4ih  September,  1883. 

"The  Weights  and  Measures  Actt,  1878. 

"Sir, 

"After  consulting  with  the  various  institutions,  local 
authorities,  manufacturers,  and  others  practicaUy  interested  in 
the  use  of  wire-gauges,  the  Board  of  Trade  have  caused  a  standard 
measure  for  wire,  etc.,  to  be  made  and  duly  verified,  which 
measure  has  now  been  approved  by  Her  Majesty  in  Council,  to 
be,  on  and  after  the  1st  day  of  March  next,  a  Board  of  Trade 
standard  under  the  Act. 

"  I  am  directed  therefore  by  this  Board  to  transmit  to  you  a 
copy  of  the  sizes  of  this  new  standard  measure,  and  to  ask  for  the 
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co-operation  of  your  local  authority  in  giving  publicity  to  it  in 
their  district,  so  that  by  the  common  adoption  in  manufacture 
and  trade  of  a  uniform  gauge,  the  annoyance  and  loss  occasioned 
by  the  present  variety  of  sizes  in  use,  of  which  complaint  has 
been  made,  may  no  longer  arise. 

"  I  would  point  out  that  by  the  above  Act  it  is  provided  that 
all  measures  in  use  in  trade  are  to  agree  with  the  Board  of  Trade 
standards,  and  that  it  is  the  duty  of  the  Inspector  of  Weights  and 
Measures  to  see  that  the  Act  in  this  respect  is  carried  out. 

« I  am.  Sir, 

"  Your  obedient  Servant, 

"  Henry  Gr.  Calgraft." 
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NEW  STANDABD  GAUGE  FOB  WIBE. 

List  or  Sizes. 


Deeoriptiye 

NamMr, 

B.W.Q. 

Eqniralente 

m  parts 
of  an  Inch. 

Metrio 

EqaiTalents  in 

HillinHret. 

DMcriptlTO 

Nomber, 

B.W.O. 

Bqaivalanto 

in  parts 
of  an  Inch. 

Metric 

Sqairaienta  in 

MinimHrea. 

No. 
7/0 

in, 
0-500 

mm, 
12-700 

No. 
23 

in. 
0024 

mm, 
0-610 

6/0 

464 

11-786 

24 

22 

0-559 

5/0 

432 

10-973 

25 

20 

0-506 

4/0 

400 

10-160 

26 

18 

0-457 

3/0 

372 

9-449 

27 

0O164 

0-4116 

2/0 

348 

8-889 

28 

148 

0-3759 

0 

324 

8-229 

29 

136 

0-3454 

1 

300 

7-620 

30 

124 

0-3150 

2 

276 

7-010 

31 

116 

02946 

8 

252 

6-401 

32 

106 

0-2743 

4 

232 

5-893 

33 

100 

0-2540 

5 

212 

5-385 

34 

92 

0-2337 

6 

192 

4-877 

35 

84 

0-2134 

7 

176 

4-470 

36 

76 

0-1930 

8 

160 

4064 

37 

68 

0-1727 

9 

144 

3-658 

88 

60 

0-1524 

10 

128 

3-251 

39 

52 

01321 

11 

116 

2-946 

40 

48 

0-1219 

12 

104 

2-642 

41 

44 

0-1118 

18 

0-092 

2337 

42 

40 

0-1016 

14 

80 

2-032 

43 

36 

0O914 

15 

72 

1-829 

44 

32 

0-0813 

16 

64 

1-626 

45 

28 

0O711 

17 

56 

1-422 

46 

24 

0O610 

]8 

48 

1-219 

47 

20 

0O606 

19 

40 

1-016 

46 

16 

0O406 

20 

36 

0-914 

49 

12 

0O305 

1 

21 

32 

0-813 

50 

OOOIO 

0O254 

22 

28 

0-711      1 

1 
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HEMP-  VERSUS  lEON-COVERED    CABLES. 

By  Jas.  Graves. 

Considering  the  importance  of  this  question  as  affecting  the 
future  of  submarine  telegraphy,  the  discussion  which  followed 
the  reading  of  Messrs.  Trott  and  Hamilton's  paper  at  the  last 
meeting  of  the  Society  appears  to  have  been  of  far  too  limited  a 
character,  and  it  might  with  possible  advantage  be  renewed  at  a 
future  meeting. 

The  speakers  who  carried  on  the  discussion  were  gentlemen 
who  have  attained  eminence  in  their  profession,  and  they  were 
no  doubt  able  to  speak  with  authority  upon  the  phases  df'the 
question  with  which  they  were  fieaniliar;  but  their  oreinarks 
(judging  from  published  abstracts)  were  more  in  reference  to*what 
had  been  done  many  years  ago  than  to  the  pdinte  T)rought 
prominently  forward  by  the  joint  authors  of  the  paper  read. 

Messrs.  Trott  and  Hamilton,  fellow-members  whom  I  have  not 
the  pleasure  of  knowing  personally,  have  been  exclusively 
engaged  in  repairing  cables,  both  old  and  comparatively  new,  for 
several  successive  years,  and  have  obtained  for  themselves  a  name 
and  a  credit  for  expedition  in  their  work  unsurpassed  by  any 
electrical  engineers  who  have  ever  been  engaged  in  similar  work. 

Captain  James  Blacklock  of  the  "Old  Monarch"  was  a  very 
successfiQ  navigator  in  connection  with  cable  repairs,  and  with 
whom,  as  submarine  electrician  to  the  Electric  and  International 
Telegraph  Company,  I  co-operated  for  several  years  in  the  North 
Sea,  and  again,  in  1870,  in  repairing  the  Anglo-American 
Telegraph  Company's  1866  cable  oflF  Newfoundland,  in  the 
"  Robert  Lowe,"  and  then  proceeded  to  repair  the  French  Atlantic 
Company's  cable  oflF  Nova  Scotia;   and  whether  in  the  Q-erman 
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Ocean,  between  the  Channel  Islands,  or  in  the  North  Atlantic,  I 
could  but  admire  the  tact,  skill,  and  accuracy  displayed  by  him 
in  his  portion  of  the  work.  In  mentioning  this  fact,  I  am  only 
doing  justice  to  the  memory  of  one  whose  name  appears  to  be 
almost,  if  not  quite  forgotten. 

It  is  this  kind  of  work — the  picking  up  of  eld  cables  and  the 
repairing  of  them  when  their  protecting  sheathing  is  partly  or 
entirely  worn  out — that  gives  practical  men  an  advantage  over 
those  who  deal  chiefly  with  theoretical  principles  or  with  7i«£; 
work;  and  this  should  give  great  weight  to  the  testimony  of  their 
repeated  experiences,  and  observation  of  numerous  undeniable, 
although  perhaps  exceptional  phenomena  which  have  passed  before 
their  eyes  in  a  series  of  years  exclusively  devoted  to  such  work. 

Theorists  may  argue  that  this  or  that  is  an  impossibility ;  but 
if  practical  men  say  with  all  seriousness  they  have  seen  the  thing 
done,  there  should  be  an  end  for  ever  to  the  imaginary  impossi- 
bility ;  and  when  such  men  as  Captain  Trott  and  Mr.  Hamilton 
(men  who  have  been  notoriously  successful  in  their  work)  speak 
of  what  they  have  seen  occur  repeatedly,  there  should  be  a  dis- 
position on  the  part  of  those  who  have  not  seen  to  believe,  and 
not  to  doubt  what  they  say.  Men  like  them,  engaged  exclusively 
on  work  of  this  kind,  have  plenty  of  time  and  opportunity  to 
compare  recovered  ends  of  broken  cables,  to  reason  from  the 
evidence  the  causes  for  breakage  in  the  first  place,  and  also  of 
those  which  have  occurred  during  the  operation  of  repairing, 
whether  in  picking  up  or  paying  out ;  and  they  are  far  more  likely 
to  come  to  a  just  conclusion  as  to  causes  than  electrical  engineers 
who  have  on  but  a  few  occasions  been  engaged  in  such  work,  or 
others  who  perchance  have  never  seen  a  cable  repai;*ed. 

The  causes  of  breakage  having  been  traced,  the  next  step  is 
to  consider  the  remedy.  Messrs.  Trott  and  Hamilton  suggest  the 
abolition  of  iron  and  the  substitution  of  another  material,  if  one 
can  be  found  suitable,  or,  in  the  absence  of  that  one,  a  covering 
entirely  of  hemp  of  a  specially  durable  nature,  similar  to  the 
rigging  of  the  "  Royal  George,"  or  the  Eussian  hemp  exhibited 
at  the  meeting,  to  be  laid  on  in  a  particular  way  to  prevent 
kinking. 
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It  has  been  suggested  that  a  hemp-covered  cable  might  not 
prove  so  suitable  as  an  iron-covered  one  for  bridging  over  chasms 
at  the  bottom  of  the  ocean.  Assuming  that  the  cable  is  hanging 
suspended  from  two  points,  the  question  required  to  be  demon- 
strated is,  whether  the  extra  weight  of  an  iron-covered  cable 
would  not  cause  more  abrasion  at  the  points  of  suspension  than 
a  hemp-covered  one,  which  would  be  proportionately  lighter  and 
more  buoyant,  and  the  result  prove  that  the  iron  would  be  worn 
through  quicker  than  the  hemp. 

The  oxidation  of  the  iron  in  salt  water  has  the  eflfect  not  only 
of  weakening  itself,  but  also  of  deteriorating  the  strength  of  the 
hemp,  and  thus  becomes  doubly  objectionable. 

Another  comparative  phase  of  the  question  is,  that  in  the 
hemp-covered  cable  there  would  be  an  entire  absence  of  that 
suicidal  element,  the  piercing  of  the  core  by  a  sharp  point  of 
iron,  two  of  which  would  be  produced  as  soon  as  one  iron  wire 
was  worn  through,  two  more  for  the  next,  and  so  on,  imtil  perhaps 
one-third  of  the  wires  were  worn  through ;  and  then  the  weight  of 
the  suspended  cable  would  tend  to  give  this  weak  spot  a  wrench 
or  twist,  probably  turning  the  cable  half  round,  and  thereby 
bring  not  only  fresh  wires  into  the  area  of  friction,  but  also  the 
sharply  pointed  ends  (some  of  which  may  have  got  bent  in  the 
movement)  opposite  the  core,  and  the  weight  of  the  cable  forcing 
the  core  upon  these  points,  until  they,  or  one  of  them,  reach  the 
conductor,  when  of  course  the  life  of  the  cable  ceases,  and  then 
an  iron-covered  cable  is  said  to  have  failed  (or  parted)  in  deep 
water  from  some  "  mysterious  agency."  Such  a  case  as  this  would 
bear  out  the  observed  facts  of  cables  twisting  at  their  weak  parts 
when  a  strain  is  brought  to  bear  on  them  in  lifting,  or  by  being 
suddenly  strained  after  being  checked  whilst  being  paid  out,  with 
kinks  formed  by  undue  slack  at  the  bottom. 

Iron  sheathing  is  no  doubt  necessary,  or  some  other  durable 
substitute,  to  resist  the  rough  usage  to  which  shore  ends  of  cables 
are  exposed  from  abrasion  on  rocky  ground,  and  between  or  beneath 
boulders  on  the  beach;  but  even  heavy  shore  ends  have  more 
than  this  to  contend  with  when  they  cross  unseen  and  unknown 
metallic  beds,  which  consume  them  by  slow  but  sure  degrees. 
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Perhaps  it  will  scarcely  be  credited  that  a  shore  end,  weighing^ 
19  to  20  tons  per  knot,  on  the  west  coast  of  Ireland,  covered  with 
solid  iron  rods  half  an  inch  in  diameter,  was,  some  nine  years  ago^ 
eaten  up  into  a  series  of  short  lengths  varying  from  less  than 
2  feet  up  to  a  few  fathoms,  several  being  less  thaii  2  fathoms, 
and  the  cable  being  held  together  by  the  bare  core.  I  have 
before  me  a  piece  of  this  iron,  19  inches  long,  the  middle 
10  inches  of  which  is  half  an  inch  diameter,  wliile  the  two  ends 
are  tapered  to  sharp  points.  Several  pieces  were  recovered  where 
every  one  of  the  iron  rods  was  eaten  through,  and  their  ends 
tapered  to  points  as  sharp  as  bradawls. 

In  picking  up  this  cable — eaten  up  by  galvanic  action  on 
metallic  ridges  at  short  distances  apart — the  bare  core  had  to 
bear  the  whole  weight  in  lifting,  and  in  one  case  two  such  places 
were  included  between  the  bow-sheave  and  the  water.  A  hempen 
hawser  could  not  possibly  have  met  with  such  a  fate. 

On  this  same  shore  end  a  double  serving  of  hemp  was  laid 
right-handed  and  left-handed,  and  over  all  a  covering  of  preserva- 
tive compound,  forming  a  massive  cable  8  inches  in  circumference. 
The  lay  of  the  hempen  yams  was  very  short.  A  piece  of  this 
external  covering  now  before  me  shows,  that  while  the  top  and 
sides  of  it  are  covered  with  a  species  of  silica  or  coral,  the  bottom 
is  worn  quite  through  longitudinally,  and  the  natural  consequence 
of  such  wear  and  tear  is  simply  to  reduce  the  yams  laid  on  in 
contrary  directicms  to  lengths  of  about  4  or  5  inches  each,  and  of 
course  all  the  lift^ing  strength  is  gone ;  and  the  presence  of  such 
a  mass  of  material,  enclosing  the  cable  for  three-fourths  of  its 
circumference,  would  prove  mere  dead  weight  when  lifting  it,  as 
this  was  lifted,  from  a  depth  of  40  fathoms. 

And  in  this  particular  I  cannot  quite  agree  with  Messrs.  Trott 
and  Hamilton  in  placing  implicit  reliance  upon  hemp  for  lifting- 
strength  when  laid  up  spirally  around  the  core ;  although  several 
layers  may  be  superposed,  each  contrary  to  the  other  in  direction, 
and  the  lay  of  the  yams  in  each  case  contrary  to  both,  as  they 
s^gS^st,  to  avoid  kinking  or  buckling  up  when  submerged. 

It  will  be  seen  that,  if  from  any  cause  the  hemp  be  worn 
through  on  one  side  to  the  core,  the  whole  lifting-strength  of 
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the  covering  would  be  gone,  as  all  the  yams  would  be  separated 
as  soon  as  the  length  of  one  revolution  of  the  lay  had  been  worn 
through.  This  naturally  suggests  that  the  lifting-strength  in  a 
hemp  cable  should  be  longitudinal  with  the  core,  around  which 
the  usual  jute  padding  should  be  put  to  increase  its  diameter,  as 
well  as  to  form  a  soft  bed  for  the  core.  Over  the  jute  padding 
should 'be  laid  longitudinally  as  many  of  the  strongest  hempen 
•ords  as  would  pack  closely  round  it,  and  then  over  these  should 
come  the  servings  suggested  by  Messrs.  Trott  and  Hamilton. 
Should  the  outer  spiral  coverings  get  worn  through,*  or  even  in 
addition  two  or  three  of  the  cords,  there  would  still  remain  three- 
fourths  of  the  strength,  in  addition  to  the  core,  for  lifting  purposes, 
instead  of  the  whole  strength  being  lost  and  the  core  itself  saddled 
with  the  whole  weight. 

There  are  inconveniencies  attending  iron-covered  cables  which 
develop  themselves  during  the  practical  work  of  repairing  them, 
especially  when  the  outer  wires  are  large,  such,  for  example,  as 
the  Dunwich-Zandvoort,  or  the  Lowestoft-Zandvoort  cables,  in 
which  I  have  seen  faults  caused  by  broken  sheathing-wires  pene- 
trating the  cores.  In  picking  up  or  under-running  such  cables, 
wires  constantly  snap  at  bad  welds  or  brittle  places,  frequently  a 
few  inches  on  either  side  of  the  weld  itself,  when  on  the  grapnel 
or  passing  over  the  bow-sheave,  and  get  foul  of  the  gear,  which 
rips  the  wire  for  several  feet  out  of  its  place  on  the  cable.  It  was 
to  avoid  this  ripping  eflfect  by  ships'  anchors,  when  getting  foul 
of  a  broken  wire  on  catching  the  cable,  that  the  late  Mr.  C.  F. 
Varley  decided  on  using  stranded  shore  ends,  suggested,  I  believe, 
by  Mr.  W.  H.  Preece,  to  limit  this  action  to  a  few  inches  only. 

Nothing  of  this  kind  could  occur  with  a  hempen  cable ;  and  I 
think  the  operation  of  splicing  a  hempen  cable  at  sea  would  be 
far  easier  and  more  quickly  done  than  the  same  operation  with  an 
iron  cable,  and  there  would  certainly  be  the  satisfaction  of 
knowing  that  no  iron  ends,  whether  blunt  or  pointed,  butted 
together  or  not,  and  no  iron  lapping  wires,  were  left  behind  to 
stand  their  chance  of  producing  a  fault  at  some  distant  date. 

The  operation  of  picking  up  and  repairing  hempen  cables 
would  be  a  much  cleaner  one  than  similar  work  with  iron  cables 


«94  ORIGINAL  COMMUNICATION. 

with  their  oxidation  falling  off  in  scales,  black  mud,  and  submarine 
deposits  all  discoloured,  to  say  nothing  of  the  rough  nature  of  the 
work  in  handling  half-corroded  iron  with  sharp  points  and  rough 
places  here  and  there,  often  tearing  the  cablemen's  hands,  and  the 
operation  of  stripping  old  short  pieces  in  order  to  save  the  core 
and  throwing  overboard  the  useless  iron. 

All  things  considered,  if  longitudinal  strength  can  be- 
embedded  in  the  cable  near  the  core,  I  think  there  is  much  to  be 
said  in  favour  of  hempen  cables  in  preference  to  iron-covered  ones 
for  deep  water. 

Extra  coverings  of  galvanised  iron  could  be  used  for  the  shore 
ends,  to  resist  abrasion  from  rocks  and  stones  in  the  tidal  wash  till 
deeper  water  is  reached,  as  these  portions  could  be  more  easily 
replaced.  The  iron  of  the  shore  ends  thus  covered  would  serve  as 
now  for  the  working  earths ;  otherwise,  in  the  event  of  the  shore 
ends  being  entirely  of  hemp,  special  earth-cables  would  have  to  be 
laid  for  working  purposes. 

Valsntu,  Beemhw  14,  1888. 
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ZiITCZSH  J.  BLAZB— EYAPOB ATION  A  60UBCE  OF  ELEOTBICITT ; 
AND  NEUTBALITY  OP  VAPOUR  FROM  ELECTRIFIED  FLUID 
SURFACES  AT  REST. 

(Annalen  d&r  Phyiik  und  Chemie,  B.  XIX.,  H.  3,  No.  7, 1883,  pp.  618-634.) 

In  the  first  part  of  bis  paper,  the  author  gives  a  description  of  the 
experiments  he  has  made  on  the  production  of  electricity  by  evaporation. 

The  movable  plate,  A,  of  a  condenser,  made  in  accordance  with  Kohlrausch's 
pattern,  was  in  connection  with  a  Helmholtz  quadrant  electrometer,  the 
quadrants  of  which  were  charged  by  two  of  Zamboni's  dry  piles.  The 
aluminium  needle,  in  the  form  of  two  sectors  joined  by  their  apices,  wa» 
suspended  by  a  wire,  which  also  served  as  conductor,  to  a  torsion  head ;  the 
metal  body  of  the  instrument  was  put  to  earth.  A  DanielPs  cell,  with  one 
pole  to  earth,  gave  a  deflection  of  67  to  71|  mm.  on  a  scale  distant  about  8 
metres  fh>m  the  mirror. 

The  brass  rod  of  the  fixed  plate,  B,  of  the  condenser  was  prolonged,  and  its 
other  end  formed  into  a  riog.  In  this  was  placed  a  porcelain  cup  filled  with 
sand,  in  which  was  a  second  small  porcelain  cup.  The  important  point  was 
the  insulation  of  the  support  of  the  plate  B,  and  this  was  carefully  measured 
before  and  after  each  experiment.  When  B  was  charged  by  four  Daniell's  cells, 
giving  a  deflection  of  140  divisions,  the  loss  from  leakage  was  only  about 
4|  to  7  per  cent,  after  ten  minutes.  It  was  observed  that  if  left  to  itself  the 
plate  B  became  slightly  charged ;  but  this  charge  was  always  measured  and 
allowed  for. 

The  liquid  having  been  placed  in  the  inner  porcelain  cup,  the  sand-bath 
was  heated  up  to  100°  C,  and  then  the  flame  extinguished.  A  platinum  wire, 
fused  into  a  small  glass  tube,  dipped  at  one  end  into  the  liquid,  while  the 
other  end  was  connected  to  the  plate  B  of  the  condenser.  The  condenser  plate 
A,  which  was  ^  mm.  from  B,  as  well  as  the  aluminium  needle  of  the  electro- 
meter, was  put  to  earth.  After  10  or  16  minutes,  A  was  insulated  and  removed 
from  B.  The  deflection  of  the  needle  was  then  taken  as  a  measure  of  the 
electrical  condition  of  A,  and  therefore  of  B. 

The  mean  values  deduced  from  the  experiments  are  tabulated  on  next  page, 
the  deflections  being  given  in  divisions  of  the  scale,  46  of  which  corresponded 
to  one  Daniell's  cell« 
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At 
beginning. 

Afuir 
6  mine. 

After 
10  mini. 

After 
ISmin. 

.  Sea- water  at  temperature  of 

xwom    •••          •«•         •••          ••• 

0 

-071 

-1-02 

-1-40 

2.  Sea- water  at  100*»  0 

0 

-016 

-0-87 

-0-66 

8.  Sulphate  of  copper  at  tem- 
perature of  room     

0 

-1-2 

-^1-2 

••• 

4.  Sulphate  of  copper  at  100°  G. 

0 

-0-94 

-2-8 

■■• 

5.  Ghloride  of  sodium  at  tem- 

perature of  room     

0 

-  10 

-1-5 

••• 

6.  Chloride  of  sodium  at  100^  0. 

0 

-1-6 

-i-e 

••• 

A  second  method  of  observation  was  tried,  in  which  a  circular  brass  diac 
126  mm.  in  diameter  was  fastened  in  a  horizontal,  position  to  a  wire  Tfhich 
was  connected  without  a  condenser  directly  to  the  aluminium  needle  of  the 
electrometer.  Immediately  under  the  disc  C  was  the  cup  containiug  the 
liquid,  which  was  connected  to  earth.  On  evaporating  the  liquid  hy  a 
sand-bath,  the  vapour  was  condensed  on  0.  The  zero  point  having  been 
fixed,  the  plate  0  was  insulated,  and  the  deflection  read,  after  which  the  zero 
was  again  determined.  In  these  experiments  70  divisions  corresponded  to  one 
Daniell's  cell.    The  results  obtained  were — 

Seck-vjaier  at  Temperatvre  of  Room, 


Zero  at 

oommenoe. 

ment. 

Defleotion 
after  6  min. 

Zero  after 
experiment. 

Change  of 
Zero. 

Gharge  after 
5  min. 

First  experiment  ... 
Second       „ 

690 
571 

689-0 
669-5 

690 
670 

0-0 
-»-  1-0 

+  1-0 
+  0-5 

"' ■                — * —                  1 

fibowvoitfr  ok  I00»  C. 

First  experin^ent  ... 
Second       „ 

689 
668 

691 
567 

690 
667 

-1-0 
+  0-5 

-1-0 
+  0-6 

The  second  portion  of  the  paper  deals  with  the  hypothesis  that  a  convec- 
tion of  electricity  occurs  through  vapour  arising  from  the  surface  of  an  elec- 
trified liquid. 

A  film  of  water,  which  had  been  condensed  on  the  movable  plate  B  of  the 
condenser,  the  plate  A  of  which  was  connected  to  the  needle  of  the  electro- 
meter, was  warmed  while  in  connection  with  one  pole  of  a  battery,  the  other 
being  to  earth,  and  the  steam  recondensed  on  A.  The  battery  power  was 
increased  from  1  to  404  Daniell's  cells,  but  no  transference  of  electricity  was 
<>bserved,  though  from  the  care  with  which  the  experiments  were  conducted 
V  charge  on  A  would  have  been  at  once  apparent.    Further  experiments 
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were  made,  with  a  somewhat  modified  apparatus,  with  various  liquids,  as 
-solutioQ  of  common  salt,  alcohol,  sulphuric  acid,  and  mercury.  In  some  cases 
a  hattery  equivalent  to  404  DanielPs  cells,  and  in  others  a  Tohler's  frictional 
machine,  was  used  to  charge  the  liquid,  hut  the  final  result  of  all  tha  reiuaches 
was  opposed  to  the  generally-received  theory^  and  proved,  according  to  the 
author,  that  the  vapour  arising  from  the  surface  of  a  liquid  at  rest  is  elec* 
trically  neutral. 

■J.  BLSTES  and  H.  OBITBli— PEODUOTION  OF  ELEOTBIOITY  BY 
CONTACT  OF  GLOWING  BODIES  AND  HOT  GASES. 

(Annalen  der  Physik  und  Chemiey  B  XIX.,  H,  4,  No,  8a,  1888,  pp,  588.624.) 

The  experiments  described  in  this  paper  were  undertaken  by  the  authors 
in  order  to  extend  their  theory  of  the  electricity  of  flames. 

Their  former  experiments,  which  have  been  described  in  the  iiiwoZatt 
(No.  16, 1882,  pp.  193-222),  were  carried  out  with  a  wire  rendered  incandescent 
by  the  passage  of  a  current  through  it.  In  the  present  case  they  preferred  to 
nse  a  so-called  Paquelin  burner.  A  sphere  of  stout  platinum  foil  is  attached  to 
one  end  of  a  hollow  brass  tube,  the  other  end  of  which  is  in  connection  with 
a  bottle  containing  benzine.  A  stream  of  air  is  forced  through  the  benzine 
under  a  regulated  pressure,  which  is  measured  by  a  manometer,  and  the 
vapour  bums  inside  the  brass  tube  and  the  platinum  sphere,  a  side  opening 
being  provided  for  the  escape  of  the  products  of  combustion.  It  was  found 
that  the  temperature  of  the  platinum  sphere  depended  on  the  pressure  under 
which  the  stream  of  air  was  forced  through  the  benzine.  In  order  to  have  a 
standard  of  comparison,  a  wire  of  platinum  8  mm.  thick  was  fixed  about 
lialf  a  m^tre  from  the  sphere,  and  was  maintained  at  a  constant  temperature 
by  a  Bunsen  flame.  This  wire  was  at  the  same  height  as  the  sphere,  so  that  it 
might  ba  se^n.  projected  on  the  surface  of  the  latter.  If  ai^y  difference  in  the 
glowing  of  the  wire,  and  fphcfve  was  observed,  the  latter  was  readily  brought 
to  the  constant  temperatuve  1^  regulating  the  pressure  of  the  air  stream  by 
means  of  a- tap. 

The  burner  was  fixed  horizontally  in  one  side  of  a  zinc  box,  so  that  the 
platinum,  sphere  was  at  about  its  centre.  Above  the  sphere  was  a  platinum 
crucible  filled  with  distilled  water,  and  dosed  by  a  lid  of  brass. ivom  trhich  a 
tube  also  of  brass  projected  up  through  the  top  of  the  zinc  box»  being  insulated 
from  it  by  passing  through  a  gl&ss  tube.  By  means  of  tMU)  openings  the  zinc 
box  could  be  filled  with  the  gas  under  observation.  The.  glowing  platinum 
sphere  was  connected  to  earth,  as  were  one  pair  of  quadrants  of  the  electrometer. 
The  other  pair  of  quadrants  were  connected  to  the  so-called  <*  air<^lectrode," 
or  platinum  crucible;  while  the  electrometer  needle  was  kept  constantly 
charged  by  Zamboni  dry  piles.  A  preliminary  series  of  experiments  with  dry 
air  showed  that  for  small  differences  the  E.M.F.  was  proportional  to  the 
pressure  in  the  manometer. 

The  next  gas  experimented  with  was  carbonic  acid  as  compared  with  dry 
air.    One  Daniell's  cell  gave  a  deflection  of  53  divisions  of  the  scale;  with  dry 
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air  771  were  noted ;  with  the  carbonic  acid  gas  evolved  by  the  action  of  hydro- 
chloric acid  on  marble  and  thoroughly  dried,  77*9,  and  with  air  again,  77*4.  If 
we  put  £d  *  100,  we  have  Ea  «  144-5;  Ecog  *  146-9;  Ea  »  146;  or  as  mean 
values  Ea  ->  145*7 ;  Eco,  —  146*9 ;  from  which  we  may  assume  that  the  action 
of  carbonic  acid  gas  is  about  the  same  as  that  of  air. 

Ordinary  coal  gas  was  then  tried,  and  gave  E  »96'6 ;  while  air  in  this  case 
gave  E«i97'7,  so  that,  again,  no  decided  difference  was  observed. 

With  oxygen  no  difference  was  remarked,  as  may  be  seen  from  the  resolta 
of  three  series  of  experiments.  As  comparison  one  Daniell  equals  100  divisions : — 

Eo                Ea  Eo  —  Ea 

Series  1 88-2               87*6  +0-7 

„      2 131-4  133*0  -16 

„      8. 157-1  157*2  -01 

These  small  differences  were  most  likely  due  to  errors  of  observation. 

A  very  careful  set  of  experiments  on  the  influence  of  water  vapour  in  air 
gave  the  following  results :— One  Daniell  -  100— 

Mean  for  dry  air  160-6 

Air  of  room        ...  -      168-0 

Saturated  air 159*0 

The  authors  also  made  use  of  another  form  of  apparatus,  in  which  a  thin 
tube  of  platinum  or  brass  was  heated  near  one  end  by  a  Buusen  burner.  The 
tube,  as  well  as  the  burner,  was  connected  to  earth,  while  a  stream  of  air  was 
forced  through  the  tube  and  impinged  on  a  metal  plate  serving  as  electrode  of 
the  electrometer.  The  maximum  effect  was  obtained  if  the  heated  point  was 
so  near  the  end  of  the  tube  as  to  cause  the  latter  to  glow.  The  charge  on  the 
plate  increased  rapidly  to  a  maximum  of  about  5*5  to  6  Daniell's,  at  which  it 
remained  constiint;  the  charge  on  this  plate  was  always  positive.  The  rapidity 
with  which  the  plate  attains  its  maximum  charge  is  proportional  to  the 
number  of  particles  of  gas  which  impinge  on  it  in  unit  of  time. 

Experiments  were  also  tried  with  hot  gases  and  cold  metallic  bodies,  as 
well  as  with  glowing  non-metallic  bodies.  The  results  obtained  lead  to  the 
following  laws : — The  particles  of  the  gases  experimented  with,  viz.,  air,  coal 
gas,  carbonic  acid,  and  oxygen,  become  positively  electrified  on  contact  with 
hot  bodies,  whilst  the  hot  body  shows  negative  electricity.  The  charge  of  a 
cold  body  introduced  into  a  stream  of  hot  air  1b  greater  the  more  brightly  the 
body  producing  the  electricity  glows.  It  is  independent  of  the  nature  of  the 
gas  and  of  the  electrode. 

The  paper  then  deals  at  considerable  length  with  the  electricity  of  flamesi^ 
and  the  authors  sum  up  the  results  of  their  experiments  as  follow : — 

1.  There  is  no  electrical  difference  between  the  base  and  point  of  a  fiame. 
A  difference  is  only  caused  if  glowing  solid  bodies  are  introduced  into  the 
flame. 

2.  The  apparent  polarisation  of  the  flame  in  cross  section  considerably 
exceeds  the  polarisation  in  the  direction  of  its  length;  since  if  one  electrode  is 
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entirely  removed  from  the  flame,  it  is  only  touched  by  heated  molecules  of  gas 
which  do  not  glow. 

8.  The  volume  of  the  gas  into  which  the  two  electrodes  are  plunged  is 
indifferent.  Hence  for  the  same  electrodes  the  electricity  produced  must  be 
the  tame  for  a  large  flame  as  for  a  small  one. 

4.  The  change  of  polarity  of  the  flame  for  small  changes  of  position  of  the 
electrodes  is  limited  by  the  fact  that  the  electricity  always  sprea4s  itself  freely 
above  the  flame. 

5.  Since  the  introduction  into  the  flame  of  volatile  salts  increases  the 
number  of  glowing  particles,  the  E.MJ*.  must  also  be  increased. 

6.  The  £  JI.F.  depends  on  the  nature  of  the  metal  of  the  burner. 

7.  The  nature  of  the  electrodes  has  no  effect. 

8.  A  white-glowing  platinum  wire  in  the  flame  must  be  charged  just  as 
in  air.  The  electrical  difference  between  the  two  must  be  ml,  since  all  gases 
become  equally  positively  charged. 

9.  For  the  same  reason,  a  transformation  of  the  process  of  combustion  can 
have  no  effect  on  the  polarity  of  the  electrodes. 

10.  Flames  which  are  in  contact  with  no  metal,  or  with  cold  ones,  show 
free  negative  or  positive  electricity  accordingly  as  the  connection  of  the  one 
or  the  other  to  the  earth  is  better.  The  E3f  .F.  in  this  case  is  caused  by  the 
contact  of  hot  particles  of  gas  or  air  with  the  glowing  particles  of  solid  bodies 
suspended  in  the  flame,  or  with  the  glowing  molecules  of  the  gas  itself. 

11.  Since  free  electricity  is  produced  in  every  flame,  two  flames  affect 
each  other  electrically,  if  not  too  far  apart. 

12.  Since  the  particles  of  gas  leave  a  flame  electrified,  the  air  of  a  room 
in  which  a  flame  is  burning  is  feebly  charged  with  positive  electricity. 

Hence  every  flame  may  be  considered  as  a  stream  of  hot  gas,  which 
charges  with  negative  electricity  glowing  electrodes  plunged  into  it^  as  well 
as  the  glowing  particles  suspended  in  it. 


W.  KAHKEXi— ELECTBICAL  PBOPEBTIES  OF  QUABTZ. 

(AnnaUn  der  Phynk  und  ChemU,  B.  XIX.,  H.  6,  No.  86,  IBSZ^pp.  818-844.) 

The  conclusions  at  which  the  author  arrived  in  two  former  articles  on 
the  same  subject  having  being  questioned  by  G.  Friedel  and  J.  Curie,  he 
restates  his  deductions,  and  brings  forward  the  evidence  of  further  experiments 
in  support  of  them. 

I.  THBRHo-ELiciBicrrr. 

1.  Bock  crystal,  the  purest  kind  of  quartz,  generally  occurs  in  hemi- 
morphic  crystals,  formed  by  the  development  of  the  trigonal  trapezohedra 
and  trigonal  pyramids. 

2.  Opposite  electrical  poles  are  produced  by  changes  of  temperature  at 
both  ends  of  each  of  the  hemimorphic  minor  axes,  so  that  positive  poles  and 
negative  poles  alternate  around  simple  crystals. 

VOL.  XU.  40 
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S.  With  a  rise  of  temperatore  the  polarity  is  the  oppotite  to  what  it  is 
with  a  fall. 

4.  With  a  fiJlinf  temperature  the  poeitlTe  poles  are  sitoated  at  those  axes 
at  which  the  fEuses  of  the  trigonal  pyramids  and  trapesohedra  appear.  With  a 
rise  of  temperature  the  opposite  takes  place ;  or,  in  other  words,  on  heating, 
the  thermo^eotric  positiye  poles  are  produced  on  those  edges  which  do  not 
hear  any  trigonal  forms,  the  negatiye  poles  on  edges  which  have  such  foms. 
The  opposite  action  has  heen  stated  to  take  place  hy  0.  Friedel. 

In  his  former  experiments  the  author  placed  the  crystal  on  a  metal  plate, 
and  determined  the  electrical  tension  hy  touching  the  surface  with  the  point 
of  a  very  fine  insulated  wire  in  connection  with  a  gold.leaf  electrometer.  In 
his  later  experiments  he  huried  the  crystal  up  to  the  face  on  which  he  wished 
to  experiment  in  a  mass  of  copper  filings,  so  as  to  get  rid  of  the  opposite 
polarities  developed  on  the  other  faces.  The  copper  filings  were  contained  in 
a  copper  hox,  which  could  he  heated  in  a  furnace.  The  temperature  of  the 
crystal  was  determined  hy  placing  on  the  edge  a  small  quantity  of  stearine, 
which  melted  at  61*8°  0.;  this  served  as  control  to  a  thermometer  whi(di  was 
plunged  into  the  copper  filings.  It  was  found  that  when  the  stearine  melted 
the  thermometer  marked  52°  C,  while  at  51°  0.  on  the  thermometer  the 
stearine  was  still  solid.  Hence  it  was  evident  that  the  copper  filings  and  ihe 
rock  crystal  had  very  nearly  the  same  temperature.  The  experiments  showed 
that,  whether  the  free  surface  of  the  crystal  was  warmer  or  cooler  than  the 
huried  part,  it  made  no  difference  to  the  conclusion  arrived  at  hy  the  author. 
'  Contrary  to  the  results  obtained  by  Friedel  and  Curie,  the  author  found  that 
a  crystal  which  was  allowed  to  cool  freely  in  air  showed  always  traces  of 
electricity. 

5.  In  normal  simple  crystals  there  is  a  difference  in  the  spreading  of  the 
two  electrical  polarities  over  the  surface,  accordingly  as  the  crystal  is  right  or 
left  handed ;  the  distribution  depending  apparently  on  the  position  occupied 
by  the  pyramidal  surfaces. 

6.  In  twin  crystals  each  shows  a  polarity  corresponding  to  what  it  would 
have  if  single. 

7.  The  ends  of  the  principal  axis  always  show  the  same  polarity ;  in  tlie 
case  of  cooling,  both  ends  are  positive. 

8.  If  heated  above  200°,  the  cr3rstal  loses  all  traces  of  electricity. 

II.  AcriNO-ELBOTEIOITT. 

1.  If  heat  rays  fall  on  a  simple  rock  crystal,  electric  polarity  is^roduoed 
at  the  ends  of  the  secondary  axes  and  on  the  six  edges  of  the  prism. 

2.  The  difference  of  potential  increases  at  first  rapidly,  and  afterwards 
more  slowly,  reaching  its  maximum  in  about  40  minutes. 

8.  The  difference  of  potential  disappears  in  the  same  time  when  the  iuj% 
are  cut  off ;  at  first  quickly,  then  more  slowly. 

4.  Positive  poles  are  produced  on  the  three  edges  on  which  the  surfaces  of 
the  trigonal  forms  would  be  if  they  were  developed,  negative  poles  on  the  other 
tiiree. 
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5.  The  direction  of  the  heat  rays  is  indiflTerent ;  thej  may  eyen  pass 
ihraagh  the  ciyital  parallel  to  the  priiicipal  axis. 

6.  The  source  of  heat  is  indifferent — flames,  Leslie's  cahes^  heated  metal 
halls,  etc. 

7.  The  difference  of  potential  is  proportional  to  the  intensity  of  the 
radiation. 

8.  The  rays  which  give  rise  to  actino^lectricity  are  not  quite  the  same  as 
those  which  affect  the  blackened  end  of  a  thermopile. 

9.  Twin  crystals  show  individual  polarity. 

10.  These  phenomena  are  reversible,  and  can  he  produced  by  radiation 
Smm  the  quartz  crystal. 

MM.  Friedel  and  Curie  have  not  observed  these  phenomena,  and  think  that 
they  are  not  merely  produced  by  unequal  heating  of  the  crystal.  The  author, 
however,  cites  his  former  observations,  as  well  as  many  new  ones,  in  support  of 
his  results  as  stated  above. 

III.  PiEzo-ELiCTRiorrr. 

1.  By  exerting  a  pressure  in  the  direction  of  one  of  the  minor  axes,  tftie 
edges  which  have  trigonal  forms  show  negative  electricity,  and  the  others 
positive.    When  the  pressure  is  taken  off  the  opposite  polarities  are  produced. 

2.  Pressure  in  the  direction  of  one  minor  axis  produces  polarity  at  the  ends 
of  the  other  two  corresponding  to  an  expansion. 


—DEPENDENCE  OF  THE  MAGNETISATION  OP  STEEL 
ON  ITS  HABDNESS. 

(ilnnal«n  ^  PAyttJk  titul  ChmM^  B.  XIX.,  F.  6,  IT*.  86, 1883,  i>p.  849^56.) 

From  some  previous  experiments  the  author  had  been  led  to  the  conclusion 
that  the  coefficient  of  magnetisation  for  all  kinds  of  steel  does  not  diminish 
when  the  degree  of  hardness  is  increased,  and  he  undertook  further  experi- 
ments in  order  to  verify  this  conclusion. 

Five  bars  in  their  original  hard  state  were  first  tested  for  conductivity, 
and  for  their  coefficient  of  magnetisation  for  the  inductive  action  of  the 
vertical  component  (4*006)  of  the  earth's  magnetism,  and  were  subsequently 
heated  for  several  hours  in  a  fire,  and  left  to  cool  gradually  in  the  ashes.  The 
specific  gravity,  conductivity,  and  coefficient  of  magnetisation  were  then  again 
determined. 

The  results  may  be  summed  up  thus: — ^By  hardening,  the  volume  of  the 
rods  was  diminished,  while  the  specific  gravity  was  greater  after  hardening 
than  before ;  the  coefficient  of  magnetisation  and  the  resistance  were  both 
increased.  In  some  cases  the  resistance  was  determined  before  the  coefficient 
of  magnetisation,  and  it  was  found  that  the  passage  of  a  current  of  electricity 
through  the  rod  had  little  or  no  effect  on  the  latter.  The  statement  that  the 
coefficient  of  magnetisation  in  some  kinds  of  steel  increases  with  the  hardness, 
18  opposed  to  Lamont's  law— that  the  harder  the  steel  is,  the  lower  is  this 
coefficient. 
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Following  Weber,  the  coefficient  of  magnetisation  is  proportional  to  the 
number  of  molecules  in  unit  of  volume,  and  to  their  magnetic  momenta,  and 
invenely  to  the  molecular  directive  force ;  or,  in  symbols. 

If  now  we  suppose  that  bj  hardening,  only  the  relative  position  of  the 
molecules  is  altered,  but  that  the  magnetic  moment  of  the  individual 
molecules  is  the  same  both  before  and  after,  the  increase  of  the  coefficient  of 
magnetisation  can  only  arise  from  an  increase  of  the  number  of  molecules  in 
the  unit  of  volume,  or  from  a  decrease  in  the  molecular  directive  force,  or 
from  both  these  causes  simultaneously.  But  the  number  of  molecules  in  unit 
volume  is  proportional  to  the  specific  gravity,  and  this  does  not  change 
proportionally  to  the  hardness  i  so  that  only  the  directive  force,  D,  can  have 
an  effect  on  the  coefficient  of  magnetisation. 


7.   K0KLBAU8CH— OOMPABISON   OF   ELEGTBIGAL  BE8I8TANCES 
INDEPENDENTLY  OF  THE  BESI8TANGE  OF  THE  LEADS. 

(Annal&n  d§r  Phyiik  und  Ch&mie,  B.  XX.,  H,  1,  No,  9, 1888,  pp.  76-87.) 

Sir  Wm.  Thomson's  valuable  modification  of  the  Wheatstone  bridge  for 
small  resistances  is  only  very  slightly  affected  by  the  resistance  of  the 
leading  wires.  The  differential  galvanometer  may  be  used  for  the  same 
purpose  as  has  been  shown  by  Kirchhoff,  if  the  coils  are  connected  in  series 
and  opposed  to  each  other. 

FIQ.I.  ^1^         » 


A      rl         5        7Z        3Z       FT      B 

The  two  resistances  to  be  compared,  r  and  r',  are  joined  up  between  A  B 
and  A'  B'  respectively  in  the  same  circuit.  The  two  coils  of  a  differential 
galvanometer  are  connected  up  as  shunts  to  the  two  resistances,  so  that  the 
current  passes  through  them  in  opposite  directions,  and  the  connection  B  A' 
is  included  in  both,  as  shown  in  the  diagram  (Fig.  1) ;  the  two  ends  A  and 
Ai  of  each  wire  are  connected  to  the  one  coil,  and  the  two  ends  B  and  B|  of 
each  wire  are  connected  to  the  other  coil. 

If  the  several  resistances  and  currents  are  represented  by  the  letters  affixed 
to  them  in  the  diagram,  then  if  the  needle  points  to  zero,  and  B  «  B'  (ij.,  the 
two  coils  of  the  differential  galvanometer  have  equal  resistance),  it  is  clear 
that  I  -  randt  -  «';  also 
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ri    +  y  to  -  (R  +  a  +  a')  I 
r't  +  yio  -  (R  4.  i3  -r  /B')! 

where  to  —  ♦  —  I. 

^  «*  +  7      R  +  7  +  0  +  0' 

Hence       ^.^  -  Js  +  ^  +  ^  ^  ff- 

Secondly,  the  connections  are  interchanged,  without  altering  the  leads  to 
the  galvanometer,  so  that  the  points,  which  before  were  innermost,  are  now 
oatside,  and  vice  verec^  thns : 

FIQ.2 


lA 


It  will  then  he  necessary  to  change  r'  to  r*  to  bring  the  needle  again  to  zero. 
Then  we  hare  again 

r  +  7      ^  +  y  +  $  +  0^ 
r*  +  7  "  B  +  7  +  a  +  a' 

From  these  two  equations  we  get 


r  +  7  -  v^Cr'  +  7  (r*  +  7) 

If  now  r'  and  r'  differ  very  slightly  we  may  take,  instead  of  the  geometrical, 
the  arithmetical  mean  value, 

*•  -  i  K  +  O, 
and  we  shall  thus  introduce  an  error, 


»(^^)'-»(^' 


which  is  without  appreciable  effect,  since  r'  —  r'  is  very  small  as  compared 
with  r.  Hence  we  obtain  the  rule  to  make  two  determinations  with  reversed 
connections,  and  then  the  resistance  sought  is  equal  to  the  arithmetical  mean 
of  the  two  comparative  resistances. 

The  author  considers  the  means  which  should  be  adopted  so  that  the  two 
coils  of  the  differential  galvanometer  may  have  an  equal  influence  on  the 
needle,  which  may  be  brought  about  by  very  careful  winding;  and  a  method 
for  eliminating  any  difference  of  action  which  cannot  be  got  rid  of  in  the 
construction. 

He  also  gives  a  convenient  arrangement,  shown  in  Fig.  S,  by  means  of 
which  the  connections  may  readily  be  interchanged,  these  being  made  by 
mercury  cupt,  indicated  by  the  six  small  circles. 

The  connection  pieces  shown  in  full  lines  are  used  in  the  one  measurement, 
the  dotted  ones  in  the  other.  R  is  a  resistance  box,  by  means  of  which  the 
small  change  from  r'  to  r*  can  be  effected. 

The  following  experiment  may  serve  as  an  example  of  the  delicacy  of  the 
method  :~Three  similar  pieces  of  Qerman  silver  were  taken,  each  1*4  mm.  in 
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diameter,  and  0*19  m.  long,  haying  approximately  a  resistance  of  one^nndredth 
of  a  Siemens  mercury  unit.  Each  wire  was  compared  with  each  of  the  other 
two^  and  the  results,  expressed  in  millumtki  of  a  anit,  are  given  below  :— 

L-U.     -     +   120  +   1*26  +   1-88 

II.-III.  -     +1098  +10-89  +10« 

m.-!.      -     -12-17  -12-80  -12  22 


Sum 


+  0K)1 


-  0-16 


-  0-08 


Hence  the  hondred-thoosandth  part  of  the  hundredth  of  a  Siemens  unit  oonld 
be  determined  with  ease. 


no.a. 


7.  KOHLBAVMB— SOME  METHODS  OF  DETEBMIKING  TBS  ABSO- 
LUTE  BESISTANCE  OF  A  CLOSED  CIBCUIT,  OOMPBIBIKa  AN 
EABTH.INDUOTOB  AND  A  GALYAKOMETEB. 

{AwMlefi  dif  Phyiik  und  Chemie,  B.  XT.,  H.  I,  No.  9, 1888,  pp.  87-91.) 

This  is  an  account  of  some  improvements  on  the  method  used  by  the  anthor 
at^Qottingen  for  the  determination  of  the  Siemens  mercury  imit  in  absolute 
measure. 

The  original  method  consists  in  observing,  besides  the  deflection  caused  by 
the  induced  current^  the  damping  of  the  needle,  and  determining  the  constant 
of  the  galvanometer  from  this  latter,  and  the  time  of  oscillation  and  moment 
of  inertia.    Let 

F  «  effective  area  of  the  coil  of  the  inductor, 

H  »  horizontal  earth's  force, 

K  «  moment  of  inertia  of  needle, 

i    «  time  of  oscillation, 

\   «  logarithmic  decrement, 

a  »  deflection  of  needle  without  damping, 

8  Ft  H«  xi 


Then 


B  - 


G) 


9*tfiK      

This  method  is,  however,  very  difficult|  but  may  be  simplified.    We  may 
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fabftitate  another  yalne  for  K.    The  needle  is  placed  in  an  east  and.  west  direc- 
ts 
tion  in  a  bifilar  suspension,  and  the  deflection  measured.    Then  K  «  -|  •  M  H 

where  M  is  magnetic  moment  of  the  needle,  and  (1)  will  become 

o»      *  t  *  MH        W. 

or,  dividing  out  by  H, 

•**  ■  « SUT      W 

H 
In  which  equation  the  ratio  j|^  is  easily  determined  by  the  deflection  method. 

A  further  simpliflcation  may  be  introduced  if,  instead  of  calculating  the 
constant  of  the  galvanometer  from  the  damping,  we  arrive  at  it  by  comparison 
with  a  known  galvanometer,  as  has  been  done  by  Dom.  (See  Abstract  in 
No.  48  of  Journal,  p.  282.)  It  is  the  statical  constant,  e,  which  is  thus 
determined,  and  not  the  dynamical,  0.    We  have 

«sK 
and  from  Weber's  formula  for  the  couple  of  a  damped  needle  we  have 


^      2lfc  R'^       X'il  •  F-lt' 


substituting  in  (1) 


•**  ^  31  IT      —  •     —  •  •••  •••  •••  \*y 

o         * 


in  which  expression  all  quantities  are  only  raised  to  the  flrst  power,  and 
K  and  H  are  eliminated. 

Pinally,  from  the  above  value  for  \  we  get 

irSe>      M 


B  - 


8  At       H 


J.  PAKTOWSZY— EFFECT  OF  MAGNETISATION  ON  THE 

CONDUCTIVITY  OF  LIQUIDS. 

(BHblatUr,  B.  Vm  Bt.  8,  No.  8, 1888,  p.  208.) 

A  long  tube,  fllled  with  a  concentrated  solution  of  chloride  of  iron,  was 
placed  inside  a  series  of  powerful  solenoids.  In  order  to  minimise  the  polarisa- 
tioDf  both  ends  of  the  tube  were  closed  with  bladder,  and  dipped  in  vessels  ftill 
of  solution  of  sulphate  of  sine  provided  with  amalgamated  zinc  electrodes. 
The  tube  Ibrmed  one  branch  of  a  Wheatstone  bridge,  in  which  circulated  a 
eunent  firom  six  Daniell  cells.  The  author  obtained  a  negative  result. 
Whether  the  current  was  circulating  or  not  in  the  magnetising  coils,  no 
difference  in  the  redstance  of  the  chloride  of  iron  was  observed.  From  some 
preliminary  experiments  the  author  concluded  that  an  alteration  of  ^^^^ 
would  have  been  apparent. 
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C.  E.  OUZ&LA.U1CB— ELECTBOLYTIC  CONBENSEBS. 
{BeibUttUr,  B.  727^  St  5,  No  6, 1888,  p.  406.) 

The  electrodes  of  platinum  were  placed  opposite  each  other  in  a  paraffin 
trough  containing  the  liquid  to  he  experimented  on.  The  sides  of  the  platea 
not  opposed  to  each  other  were  covered  with  a  layer  of  insulating  ramish. 
After  this  cell  had  heen  charged  it  was  discharged  through  a  mirror  galvan- 
ometer, which  was  calihrated  in  absolute  units.  One  hundred  divisions  of  the 
scale  corresponded  with  the  discharge  of  a  condenser  of  276  microfarads  when 
charged  by  one  Daniell  cell  of  E.M.F. » l-lOGxlO*  cm.i  g.i  s.-  >  The  greatest 
observed  deflections  corresponded  with  a  capacity  of  500  to  1,000  microfarads 
per  square  centimetre.  If  the  cell  was  alternately  charged  with  high  and  low 
potentials,  the  capacity  increased.  The  maximum  capacity  occurred  with 
0*7  Baniell.  On  continued  charging  and  discharging  with  the  same  potential, 
a  maximum  capacity  was  also  reached  with  07  to  0*8  Daniell.  For  a  charge  of 
one  second,  the  ratio  between  the  first  residual  discharge  and  the  principal 
discharge  was  0*01  to  0-07 ;  for  five  seconds  charge  it  was  0*09  to  0*18. 

Stirring  the  liquid  had  no  effect,  and  the  distance  of  the  electrodes  a  very 
slight  one.  The  capacity  increased  about  3  per  cent,  for  each  degree  C.  of  rise 
of  temperature. 

To  test  the  effect  of  small  differences  in  the  time  of  charge,  a  pendulum 
was  made  to  swing  over  strips  of  copper  of  various  breadth,  with  which  it 
made  contact  by  means  of  a  brush.  With  a  22  per  cent,  solution  of  sulphate 
of  copper,  and  one  Daniell  for  charging,  the  discharge  curve  is  expressed  by  a 
parabola  of  the  form  s*  —  200  i,  where  i  varies  fix>m  one  second  to  0*03  ot  a 
•econd. 

If  a  considerable  time  elapses  between  the  charge  and  the  discharge^  a 
part  of  the  charge  disappears;  the  more,  the  shorter  the  duration  of  the 
charge.  When  the  resistance  of  the  electrolytic  cell  was  measured  by  a 
Wheatstone  bridge,  it  was  found  that  the  resistance  altered  with  the  charging 
potential. 

With  pure  water,  the  capacity  changes  very  little  with  charging  potential ; 
the  duration  of  the  charge  has  more  effect.  The  discharge  is  very  slow.  The 
capacity  is  nearly  inversely  proportional  to  the  distance  of  the  electrode^ 
In  weak  solutions  of  sulphate  of  copper  and  of  sulphuric  acid  the  capacity 
increases  with  the  degree  of  dilution.  In  general,  in  solutions  of  salts  the 
capacity  is  smaller  the  greater  the  resistance. 

According  to  one  of  the  usually  accepted  hypotheses,  the  electricity  in  the 
molecules  of  a  solid  dielectric  is  first  separated  by  the  action  of  the  external 
electric  force;  according  to  the  other  the  already  charged  atoms  determine  the 
direction  of  the  molecules.  With  liquids,  the  first  hypothesis  leads  to  the  same 
result  as  with  solids;  according  to  the  second  the  elastic  forces  have  to  be  taken 
account  of.  Apparently  the  molecules  arrange  themselves  readily  through 
very  small  forces ;  for  the  action  of  the  electrolyte  on  the  electrodes  must  alter 
very  little  with  the  charging  potential,  therefore  the  capacity  of  the  cell  must 
be  inversely  proportional  to  the  potential.    Further,  the  action  of  a  liquid  mu 
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be  equal  to  the  lom  of  the  actions  of  ite  molecules ;  apparently  the  capacity  is 
proportional  to  the  concentration. 

The  researches  of  the  author  entirely  contradict  these  conclusions:  he 
considers  the  phenomena  as  limited  by  the  action  of  the  surfaces  of  contact. 
If  the  electrodes  have  the  potentials  Pa  and  P^ ,  and  are  connected  through 
resistances  r'a  and  r%  with  points  of  potential  Va  and  P^^;  if  the  liquid 
surfoees  in  contact  with  them  have  resistances  ra  and  i^  and  potentials  P'^  and 
P'^  and  joined  through  a  resistance  r,  then  P^  P'a,  P^  P'^  are  yariable,  the 
other  quantities,  including  ra  and  r^  being  taken  as  constant. 

If  Oa  and  Cft  are  the  capacities  of  the  surfaces  of  contact^  we  obtain  four 
simultaneous  differential  equations— 

r'«  fa  "  ^«   d*  ' 

Pg  -  P^g        P'g  "  P'»         p    ^  P'g  . 

P^g  -  P^         P^  -  P5  p    dP'6 

r  7^  ^*  'dT* 

P'b  ""  Pft  ^  Pft  •"  P^6  1^   d  Pft 

n  r'b        "^   dt' 

If  we  consider  now  a  condenser  of  which  the  surfaces  have  potentials  P^ 
and  P5,  and  are  joined  to  points  of  potentials  P'a  and  P'»  through  resistances 
r^  and  r^  whilst  the  internal  resistance  is  r,  we  arrive  at  only  two  equations — 

Py-Pg         Pg"P6         pdPa 

r«  r         "  ^  di  * 

Pg-   P>         P>  -  P^        p<iP* 

Whence  if  r  is  very  large  in  comparison  with  fa  and  r^  we  have 

i  t^ 

P. -P'.  *  Ci  •"«''«►  + Cs#    '^^ 


Hx.  a.  ULBBZCET— PBOPOBTIONAL  GALYANOMETEB. 
(C&ntraCblaii,  B.  V.,  No.  19, 1888,  p.  421.) 

Fig.  1  shows  the  arrangement  of  the  ordinary  form  of  H.  Jenkin's  propor- 
tional galvanometer,  in  which  the  magnet  is  placed  at  the  centre  of  two  coils 
at  right  angles  to  each  other,  for  the  measurement  of  resistances  by  the  differ- 
ential method.    In  this  arrangement  we  have 

tan,  ^  -     ^  ■ ,  or  X  -  (r  +  E)  tan.  ^  —  r (1) 

In  this  form  the  instrument  does  not  lend  itself  to  every-day  use,  since  X.is 
not  directly  proportional  either  to  ^  or  to  tan.  ^,  and  the  resistance  cannot  be 
read  off  directly. 

The  author  has  therefore  introduced  an  improvement  by  winding  on  eaeh 
coil  several  turns  of  wire  belonging  to  hoth  circuits.  Let  i^be  the  current 
through  the  standard  resistance  B,  and  %*  that  through  X,  and  suppose  %  passes 
a  times  round  coil  I,  and  then  c  times  round  II,  whilst  %'  goes  h  times  round  I 
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And  d  tiinef  round  U.  We  have  to  determine  the  nmnher  of  tamf,  on  the  eon* 
dition  that  hetween  the  limits  X  -  A  and  X  -  A  -i-  B,  and  ^  «  0^,  ^  »  9(K>, 
•a  close  proportion  shall  exist  between  X  —  A  and  ^  and  that  for 

X  -  A  ^  .  Qo  \ 

X  -  A  +  1.^ -450C  («) 

X  -  A  -f  B  ^  -  90o> 
Since  the  magnetic  moments  of  the  coils  I  and  n  are  as 


a  %  Bfsh  i'  \  d  %'  ^  c  if 


(«) 


it  follows  that  for 

X  -  A;  a^ 

X 
X 

Bemembering  that  <:«'— r4>X:r-i-B|We  obtain  the  following  nnmber  of 

tarns:— 

a  is  independent,  and  may  be  anything. 


-  A;  ai^hi'  -  0  \ 

»  A  +  ?;  ai^hi'  ^di'^ei  C 
-A-hB;(li'c^ei-0  ) 


••• 


w 
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The  magnetic  moments  of  the  rings  I  and  11  will  then  be  as 

^  r  +  A  .,    ^  r  +  A  +  B  ., 


r  +'W  r  +  B 


•  ••  •••      \9/ 


The  quotient  of  the  two  moments  ia 

X  — A_ 
X 


B 

I  +  coL^ 


*«^^-BTa:=:x^^^-^- 

which  satisfies  the  conditions  laid  down,  since  forX  —  A  ■>0,-^,Bwe  haTe 
tan.  ^  -  0, 1,  oe,  and  therefore  ^  -  0^,  45<>,  90P. 
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It  appeut,  therefore,  that  it  !■  only  necciMrf  to  mark  the  diTiaioiii,  not 
on  the  circle,  bnt  on  the  chord,  to  be  able  to  read  off  the  Taloee  at  once.  Or, 
SI  ihoim  in  Fig.  3,  it  it  euj  to  determine  the  diTiaions  of  the  arc  from  thoee 
of  the  eliord. 


In  the  above  calculation  several  qnantities  are  introdQced  which  in  practice 
might  be  omitted.    For  instancy  it  ii  duirable  to  have  the  □nmhei  of  tnmi 


Fio.  8. 

on  the  coili  tome  nmple  multiple  of  each  other.  This  can  be  done  either  bjr 
making  the  etandard  B  eqnal  to  the  Hnallest  valne  of  X  to  be  meamred,  eqnal 
to  A,  and  the  reaiitance  of  each  branch  r  —  B  —  A,  or  we  pat  A  —  0,  B  —  0, 
and  r  —  B ;  in  this  case  the  magnetic  momenti  of  I  and  II  are  ae 


Snch  an  arrangement  of  the  galvanometer  for  A  ~  B  —  O,  r 
Kg.  a 


i  is  ihown  in 
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Of  five  equally  long  wires,  two  are  wound  on  I  and  three  on  II,  each  wire 
making,  say,  one  hundred  turns ;  the  ends  are  then  connected  up  as  shown 
above,  and  the  resistances  of  both  coils  with  their  connections  (r)  made  equal 
to  B,  say  100  ohms.  With  such  an  instrument  resistances  from  0  to  100  ohms- 
can  be  measured.    For  greater  resistances  a  slmnt  must  be  used. 


B.  KJUrBMAVV— K£W  LIQUII)  FOB  BICHBOMATE  CELLS.  • 

(CentrMlaU/Ur  EUklrotechnik,  B.  F.,  No.  19, 1888, 19. 424^29.) 

Bunsen's  zinc  carbon  battery  is  the  most  powerful  one  which  up  to  the 
present  we  possess ;  but  its  constant  use,  particularly  in  rooms,  it  rendered 
impossible  owing  to  the  fumes  given  off  by  it  when  working.  The  evolution 
of  the  nitrous  fumes  has  been  got  rid  of  by  using  a  solution  of  bichromate  of 
potash  as  exciting  liquid,  but  at  the  expense  of  the  duration  and  efficiency  of  the 
cell.  Mr.  Egger  has,  as  the  result  of  many  experiments,  arrived  at  the  following^ 
as  the  best  composition  for  the  exciting  liquid  :— 


Sulphuric  acid 
Bichromate  of  potash 
Nitric  acid  (84%)... 
Water  


>.. 


200  cubic  centimetres. 
25  to  50  grammes. 
100  cubic  centimtires. 
200  cubic  centimetres. 


The  following  table  gives  a  comparison  of  the  strength  of  current  in  tlie 
several  cases :— The  exciting  liquid  was,  in  A,  pure  nitric  acid  •  in  B,  100  ccm. 
sulphuric  acid,  1,000  ccm.  water,  and  80  grammes  bichromate  of  potash ;  in  C, 
100  ccm.  sulphuric  acid,  800  ccm.  water,  and  60  gramnies  of  bichromate ;  in 
B,  Egger's  solution  as  above,  with  25  grammes  of  bichromate ;  and  in  E  the 
same,  but  with  60  grammes  of  bichromate.  In  columns  A,  B,  and  0,  the 
intervals  of  time  between  the  observations  were  about  half  an  hour;  for  D  and 
E  two  hours. 


ObBerration 

A. 

B. 

C. 

D. 

S. 

1 

59*888 

60-200 

45*150 

64-256 

46-837 

2 

67-780 

87-850 

89-206 

64-256 

45*180 

8 

53-814 

28-965 

85-140 

64  266 

45180 

4 

48-478 

18*278 

28-965 

61997 

46*180 

5 

•  •• 

•  •  • 

28*898 

61*997 

46-180 

6 

v«  • 

•  •  « 

•  *• 

59*828 

46*180 

7 

•  •  « 

■  •  • 

•  •  « 

55*722 

45*180 

The  superiority  of  Egger's  liquid  is  self-evident,  the  last  solution,  E,  with 
50  grammes  of  bichromate,  being  especially  remarkable  for  constancy.  This 
cell  was  kept  on  closed  circuit  for  17  hours,  with  the  result  that  the  current  at 
the  end  of  that  time  was  still  90  %  of  the  initial  current. 
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9r.  H.  KUOEZBL— UEASUBEMENT  OF  THE  INTENSITY  OF  TEBT 
BBIQHT  SODBCEB  OF  LIQHT. 

(SlMroUelmttctn  ZtiUchri/l,  B.  17.,  E.  6,  June,  18S8,  p.  S6S.) 

The  diffienll?  experiencad  In  oompsring  an  arc  lamp  with  any  unit  of 
light  baa  induced  tbe  antbor  to  give  a  practical  development  to  the  plan  of 
Dr.  Pfatmdler.  The  light  coining  from  the  intense  toarce  ii  not  allowed  to  fall 
diicetlj  on  the  screen  of  the  photometer,  hot  is  flrit  reduced  mechanically,  lo 
that  onlj  a  certain  fraction  of  the  whole  light  ii  compared  directlj'  with  the 
■tAiidard. 

To  effect  thie  redaction  of  the  light,  a  blackened  circnlar  disc  ot  metal, 
withieotorgcntaatof  it(Fig.  l),iiintroducedbetween  the  light  lobe  meaaored 
aitd  the  photometer,  and  ia  rotated  abont  a  horizontal  axil. 


Fio.  1. 

The  inteniity  of  the  light  ie  then  reduced  in  the  ratio  of  the  sum  of  the 
three  angular  apertnree  to  360°.  In  the  case  shown  in  the  figure,  where  the 
angular  aperture  of  each  lector  ii  S0°,  the  light  is  reduced  in  the  ratio  l|g  —  j. 

It  ma;  be  objected  that,  while  to  reduce  the  light  from  }  to  J  the  sum  of 
the  angular  aperteres  is  diminished  b;  GO'',  the  reduction  of  the  light  from  ^  to 
fallows  of  a  diminntion  of  only  6°.  In  practice,  however,  this  objection  is  of 
DO  importance  as  in  most  caees  it  is  BuOIciect  to  reduce  the  light  to  ^  or  ^, 

It  is  of  course  unnecessary  to  have  a  numbar  of  metal  screens  with 
angnlar  apertures  of  vatioas  sizes,  as  by  mounting  two  discs,  as  in  Fig.  1, 
parallel  to  each  other  on  the  same  aiis,  the  amount  of  opening  of  the  combined 
•eetori  may  he  made  anything  we  please  from  180°,  when  the  openings  in  both 
correspond,  to  0°,  when  the  openings  in  one  are  closed  by  the  solid  parts  o(  the 
other.  The  anthor  has  made  a  long  series  of  experiments  with  two  such  discs, 
and  has  found  an  almost  perfect  accord  between  the  observed  and  the  calcu- 
lated valnea. 

Instead  of  two  discs,  we  may  employ  only  one,  with  sectors  cut  oat  as 
shown  In  Fig.  3— j.«.,  the  angnlar  aperture  ot  each  sector  gi«dnally  diminishes 
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from  tbe  centre  to  tbe  ^ircnmterence,  bo  that  each  zone  comaponds  to  » 
dif&ient  degree  ol  rednction  of  Ui«  light.    The  disc  Bhown  wooU  Bnffice  to  give 


Fro.  S. 

all  degreet  ot  redaction  from  J  to  ^,  which  is  amplf  Bufficient  for  all  prsctic*! 
parpoHB.  With  nich  an  arrangemsiit  it  would  of  conne  be  neceasai;  to  nw 
a  grease  Uitt,  instead  ol  a  greate  tpot,  on  the  photometer  screen.  In  taking  a 
measurement  it  ie  then  neceBtary  to  lee  at  what  point  in  the  greaw  line  tbe 
passage  from  dark  to  bright  occnri,  and  the  corresponding  line  on  the  sector 
will  give  the  degree  in  which  the  light  has  been  reduced.  It  la  also  pooible  to 
oonstract  a  disc  with  sectors  of  each  shape  and  dimensions  that,  instead  ot  tbe 
aperture  decreasing  b;  an  even  number  of  degrees,  as  is  shown  in  Fig.  S,  in 
which  case  the  redaction  of  tbe  light  does  not  proceed  bj  equal  decrements, 
this  reduction  shall  proceed  b;  equal  successive  steps;  thus  i^  counting  from 
tbe  centre  ontwarda,  the  apertarea  have  the  following  valae^  120°,  ecf,  W, 
80°,  Zi",  20",  ITl",  16",  18-8»,  12°,  the  light  will  be  reduced  respecUvely  to  J,  J, 
i"  tV  ■fe  Ai  A>  A-  ^  A' 


Dr.  S.  ABOir— EFFICIENCY  OF  ACCUUULA.TOBS. 

(SIsltnitsehnticAD  ZtiiteMft,  B.  17.,  S.  8,  Aug.,  ISSS^  p.  til.) 
Tbe  anthot  diitingaishes  four  kinds  of  efflciencj.    The  effleienej  ot  the 
charge  m  is  the  ratio  of  the  qnantity  of  electricity  which  psnm  thnmgh 
the  accnmalator  on  discharging  to  that  on  charging;  thstis,H  —  ^,  where 

g  -y*{-dtand<l  —fl-dt.  If  (*)and(I)are  the  meanvaluesof  thecnrreiit 
of  discharge  and  charge  respectively, we  may  write  n  -  ^VrTs"  If  thedepoaita 
a  and  b  in  copper  or  silver  voltameter  are  measured  at  the  same  time  in 
charging  and  discharging,  then  n  —  - . 

Becondljr,  we  may  consider  the  eGGciencj  of  the  chemical  action  K. 
This  is  tbe  ratio  of  the  work  given  out  by  chemical  processes  duriog  the 
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discharge  to  the  work  absorbed  daring  chargmg  for  the  solution  of  the  com- 
pounds formed,  and  for  the  restoration  of  the  atoms  to  their  primitive  state. 

t 
fe-i-dt' 

N  —  -^ 


fE'l'dt- 

0 

Since  e  is  generally  smaller  than,  and  at  most  equal  to  E,  N  may  be  equal  to 
n,  but  is  generally  less. 

The  electrical  efficienc^r,  K,  Ib  the  third,  kind.  It  is  the  ratio  of  the  work 
usefully  employed  during  discharge  to  the  whole  electrical  work  absorbed  in 
charging.  K  differs  from  N,  owing  to  the  influence  of  the  resistance  in  the 
element  itself,  which  increases  the  work  necessary  for  charging  as  compared 
with  the  chemical  work,  and  which  during  discharge  diminishes  the  useful 
return  of  the  chemical  work. 

If  B  and  r  are  the  resistances  on  charging  and  discharging  respectively, 

t 
/(ai-»ir)dt 

K  -?= 

T 

/(EI  +  I«B)(lt 
o 

Hence  K  is  always  less  than  N. 

The  fourth  kind  of  efficiency  is  that  of  the  mechanical  energy,  M.    This 

Talue  differs  from  K  by  the  factor  by  which  the  useful  electrical  energy  of  the 

dynamo  machine  differs  from  the  work  given  out  by  the  motor,  so  that  M  is 

less  than  K.    Hence  we  have  alwa3rs 

n>N>K>M. 

In  practical  work  it  is  the  efficiency  K  with  which  we  are  concerned. 
But  K  also  depends  on  the  internal  resistance  of  the  accumulator,  and  this 
reeistanoe  varies  with  the  number,  arrangement,  and  size  of  the  electrodes,  so 
that  for  the  general  question  of  accumulators  or  no  accumulators,  the  quantity 
N  is  the  most  important.  Now  the  value  of  N  can  be  approximately  de- 
termined. 

feidt 


N  - 


o 


fEldt 

If  now  we  suppose  that  during  the  charging  £  is^fairly  constant,  and  that 
the  accumulators  are  only  used  for  so  long  that  e  also  remains  practically 
constant,  then 

•/♦  •  dt 


N.     • 


£ 


fl'dt 
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or 


or 


K  - 


E   •  <5' 


N-  ^n. 


If,  as  was  the  case  at  the  experiments  at  the  Oonservatoire  des  Arts  et  Metiers 
with  Faure  cells, «  -  E,  then  K  -  n.  Beynier  has  found  that  E  -  2-8  volts, 
and  •  —  2;  hence,  in  this  case,  K  »  0*9  yu 

The  experiments  of  Hallwachs  (see  Journal,  No.  49,  p.  442)  may  serre  to 
test  the  truth  of  the  general  conclusion  that 


N  -0-9 


TT(r) 


T 
Hours. 

I 

1 
HinutM. 

i 

Amperes. 

-h 

N 

N 

10 

6*9 

128 

10-1 

0-8 

0-28 

0-98 

19-4 

5 

18  2 

0-06 

0H)6 

0-99 

8-9 

15 

18-0 

0-21 

0-21 

0-99 

171 

690 

1-8 

0-26 

0-24 

0-92 

M 

12 

17 

0-08 

0-06 

0-87 

18 

lO 

48 

1-6 

0-1 

0-09 

OW 

6-9 

178 

1-6 

0-17 

0-106 

0-88 

7-2 

486 

1-7 

0^48 

0-87 

0-86 

10-8 

647 

1-7 

0-42 

0-85 

0-88 

7-4 

900 

1-7 

0-49 

0-40 

0-82 

6-7 

128 

1-6 

C-61 

0-45 

0-88 

8-8 

808 

88 

0-68 

0-50 

0-86 

4-0 

86 

186 

0-50 

0-47 

0-94 

6K) 

98 

9*4 

0-64 

0-49 

0-91 

4-0 

89 

18-2 

058 

0-48 

0-91 

4-2 

27 

18-2 

0-85 

0-28 

0-80 

6-1 

7 

14-7 

O-09 

0K)8 

0-89 

4-1 

21 

12-6 

0-27 

0-28 

0-85 

4-0 

28 

14-8 

0-84 

0-82 

0-94 

2-5 

21-4 

181 

6-0 

0-24 

0-20 

0-88 

4 

8-6 

26 

148 

0-48 

0-405 

0-94 

Met 

in 

•••        ••• 

0-89 

8CBIVAN0W8   CHLORIDE    OF   8ILVEII   CELL. 

(DingUr^s  Joumai^  B,  248, 1888,  p.  178.) 

The  cell  consists  of  a  prism  of  retort  coke,  which  is  covered  on  all  sides 
with  pure  chloride  of  silver.  This  prism  is  in  a  solution  of  caustic  potash  or 
soda  (1-80'  to  1-46*'  B.)  in  30  to  40  per  cent,  of  water.    The  attacked  electrode 
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consists  of  a  cylinder  or  plate  of  zinc,  which  is  brought  close  up  to  the  carbon 
prism }  in  the  horizontal  form  the  zinc  plate  is  perforated,  and  several  cells  are 
placed  on  the  top  of  one  another.  To  prevent  a  loss  of  silver  the  carbon  is 
wrapped  in  asbestos  paper.  In  the  vertical  form  the  carbon  rests  on  a  disc  of 
gutta  percha  placed  on  the  bottom  of  the  zinc  cylinder.  When  the  cell  is 
exhausted  by  the  reduction  of  the  chloride  the  carbon  is  taken  out,  well  rinsed, 
and  plunged  in  a  bath  containing  a  solution  of  100  parts  nitric  acid,  5  to  6  parts 
hydrochloric  acid,  and  30  parts  water,  by  which  the  reduced  silver  is  re- 
converted into  chloride.  The  distinguishing  feature  of  this  cell  is  the  use  of 
the  alkaline  liquid. 


FILAMENTS    FOB    MAXIM   LiMPS. 

{Dingier^ s  Jowmal,  B.  248, 1883,  jp.  240.) 

Instead  of  carbonising  filaments  previously  brought  to  the  proper  shape, 
M^-riTTi  proposes  to  make  filaments  as  ordinary  carbon  rods  are  made.  For  this 
purpose  he  uses  a  strong  vessel,  which  can  be  readily  heated  below,  to  contain 
the  matter  to  be  carbonised,  which  is  pressed  out  through  the  nozzle  of  the 
machine  by  a  piston  under  very  considerable  pressure.  By  an  ingenious 
arrangement  of  crank  levers  actuated  by  a  revolving  ring  to  which  they  are 
attached  at  one  end,  the  opening  of  the  nozzle  can  be  alternately  expanded  or 
contracted,  so  that  the  thread  of  carbon  forced  out  takes  the  form  of  a  thin 
filament,  with  enlargements  at  regular  distances ;  when  cut  up  these  enlarge* 
ments  become  the  bases  of  the  filament  which  are  fixed  to  the  leading-in  wires. 


BBOWN'S  ELECTBIG  BEGULATOB  FOB  MABINE  ENGINES. 

(Dingler's  JoumaX,  B,  248, 1883,  p.  257.) 

The  object  of  this  invention  is  to  prevent  racing  when  the  propeller  is  out 
of  water.  One  contact  is  fixed  at  the  point  which  must  always  remain  under 
water  to  prevent  racing,  and  a  second  at  a  point  which  is  never  out  of  the 
water,  however  much  the  ship  pitches.  The  two  contacts  are  in  connection 
with  a  dynamo  machine  driven  from  the  propeller  shaft,  and  when  both  are 
under  water  the  circuit  is  complete  and  a  current  fiows.  As  soon  as  the  upper 
contact  is  out  of  water  the  circuit  is  interrupted,  the  armature  of  an  electro- 
ma|fnet  in  the  circuit  is  freed,  and  can  be  pulled  over  by  a  spring.  The  pull- 
ing-over  of  the  armature  starts  a  small  auxiliary  engine  which  closes  the 
expansion  valve.  As  soon  as  the  upper  contact  is  covered  again  by  the  water, 
the  reverse  action  takes  place.  In  place  of  the  spring,  a  second  electro-magnet 
may  be  used,  which  is  thrown  into  action  by  a  relay  when  the  first  is 
interrupted. 

VOL.  xn.  41 
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ELEOTBIOAL  8TEEBINO  OF  BALLOONS. 

(Din^lMT'c  JowmaXy  B.  248, 188S,  p.  267.) 

O.  Tinandier  has  made  some  experiments  with  an  elongated  balloon  of 
some  thousand  cubic  metres  capacity.  The  motor  is  made  np  of  three  parts-^ 
a  propdier  with  blades  of  2-85  mitres  diameter,  made  according  to  the  design 
of  y.  Patin,  a  very  small  Siemens  dynamo,  and  a  bichromate  battery.  The 
propeller  only  weighs  f  kilos  •  the  blades  are  made  of  silk,  covered  with  gmn- 
lae,  and  stretched  on  steel  wires.  The  helix  of  the  dynamo  is  very  long  in 
proportion  to  the  diameter.  The  frame  is  of  steel,  and  the  whole  machine 
weighs  65  kilos.  The  speed  of  the  dynamo  is  redaoed  by  gearing  to  ^^  and  it 
can  give  ont  100  kilogrammitres  per  second,  with  an  efficiency  of  66  per  cent. 
The  current  was  46  amperes,  and  the  difference  of  potential  at  the  terminals 
40  volts.  The  battery  consisted  of  24  cells  connected  in  series.  Each  cell  was 
made  up  of  10  zinc  plates  and  11  carbon  plates  in  an  ebonite  vessel  containing 
4  litres  of  solution,  the  whole  cell  weighing  7  kilos.  The  battery  maintained  a 
constant  current  for  2^  hours.  From  the  experiments  made  at  Auteuil,  it  was 
calculated  that  the  apparatus,  with  a  total  freight  of  8  men,  could  do  the  work 
of  12  or  16  men  for  8  consecutive  hours. 


B.  BSTVZB&— NOTE  ON  M.  G.  TBOUVt'S  DBBOBIPTION  OF  HIB 

BICHROMATE  BATTEBT. 

{Comptes  Beniut,  T.  96,  No.  18, 1883,  i>.  888.) 

In  the  first  table  in  his  paper  M.  Trouv^  gives  the  figure  466  grammes  as 
the  consumption  of  zinc  for  12  cells  in  6  hours,  or  7*6  grammes  per  cell  per 
hour.  In  this  experiment  the  current  at  the  beginning  was  12*6  amperes, 
diminishing  to  6*8  amperes,  or  an  average  of  9*46  amperes.  Now,  on 
theoretical  grounds,  the  consumption  of  zinc  per  cell  per  hour  for  9-45 
amperes  should  be  11-34  grammes ;  which  throws  some  doubt  on  the  correct- 
ness  of  M.  Troi;v6*8  experiments. 


LEMSTBOM'S  OBSEBYATIONS  IN  LAPLAND. 

{Cofriptes  Rendui,  T,  96,  No,  19, 1883,  p.  1335.) 

On  the  top  of  a  mountain  was  placed  a  metallic  conductor  furnished  with 
a  great  number  of  vertical  points  all  in  connection,  and  joined  through  a 
galvanometer  to  a  zinc  plate  buried  in  dan^  earth  several  hundred  metres 
below  the  level  of  the  conductor.  With  this  apparatus  H.  Lemstrdm  has 
proved  that  in  these  high  latitudes,  and  at  a  temperature  of  -SO^C^tlis 
aurora  borealis  is  essentially  an  electrical  phenomenon,  to  which  correspond 
currents  in  the  atmosphere,  continued  in  the  apparatus,  and  comparable  with 
the  current  which  would  be  produced  by  a  Leclanchtf  cell  of  medium  siiSi 
The  natural  manifestation  of  this  current  gives  rise,  even  in  the  absence  of  all 
other  light,  to  a  local  aurora  which  is  apparent  above  the  pointed  conductor, 
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and  in  which  the  wave  x  <-  5^9,  chatacteiistie  of  all  such  *  phenomena;  can 
Teadily  be  ohseryed. 

It  is  also  possible  to  reoognke  with  entire  certainty  the  eziatence  and 
even  the  yalne  of  the  electric  forces  which  are  bronght  into  action  nndier 
tbeoe  circmnetances,  which  can  be  started  and  intermpted  at  pleaiore. 

These  experiments  were  made  on  two  very  high  points,  the  Orantontari 
And  tfaePietanntonturi,  with  apparatus  covering  900  sqnare  metres  of  snrfkce, 
and  there  is  reason  to  believe,  as  a  first  approximation,  that  the  current  thus 
produced,  which  is  proportional  to  the  surface  covered  by  the  pointed 
conductor^  varies  with  the  latitude  •  asd  the  season  of  the  year.  It  is  not 
surprising,  that  very  exact  values  were,  not  obtainable,  when  we  consider  that 
the  conducting  wires  were  in  a  few  minutes  covered  with  so  great  a  quantity 
of  ice  as  to  break  under  its  weight. 

H.  Lemstrdm  proposes  to  continue  his  observations  this  winter^  and  to 
attempt  a  solution  of  the  following  questions  :— 

In  what  manner  should  the  apparatus  be  arranged  so  as  to  give  I6r  a  fixed 
extent  of  surface  a  maximum  current  ? 

What  is  the  ratio  between  the  current  and  the  extent  of  surface  covered? 

In  what  way  does  the  current  vaty  with  the  latitude  and  witii  the  difference 
in  elevation  between  the  metallic  points  and  the  earth  plate  ? 

What  effect  have  the  seasons  ? 

What  relation  exists  between  the  currents  in  the  air,  the  current  in  the 
earth,  and  the  magnetic  variations  ? 


e.  BBSZO-ELECTBIC  DYKAMOGBAPH,  OB  BEOOBDEB  OF  WOBK 

DONE  BY  MACHIKES. 

<Xromp<M  BandiM,  7.  96,  Jfo.  19, 1888,  p.  1861 ;  and  La  Lwmh^  Eledrique,  V,  9, 

J»b.20, 1888,p81.; 

The  transmitting  part  of  the  dynamograph  consists  of  a  simple  mechanical 
arrangement  attached  to  the  driving  shaft,  by  means  of  which  the  torsion  of 
the  shaft  causes  a  ring  surrounding  the  shaft  to  slide  in  the  direction  of  its 
lengthy  so  that  its  movements  are  proportional  to  the  torsion.  A  metal  rod  of 
rectangular^  section  is  fixed  by  the  side  of  the  ring,  parallel  to  the  shaft,  and 
receives,  between  two  small  jaws,  the  flat  edge  of  the  ring.  The  rod  therefore 
follows  all  the  movements  of  the  ring,  and  its  motion  is  also  proportional  to 
the  torsion  of  the  shaft.  The  movements  of  an  index  fixed  on  the  rod  are 
-transmitted  electrically  to  the  receiver  instrument,  which  traces  a  curve,  the 
•ordinates  of  which  are  proportional  to  the  torsion  of  the  shafts  and  the  abscissas 
to  its  angular  velocity.  The  mechanical  arrangement  consists  of  a  clock 
which  each  minute  sends  two  currents  into  a  circuit,  in  such  manner  that  the 
time  which  lapses  between  two  consecutive  emissions— which  is  always  less 
than  sixty  seoonda— is  exactly  inroportional  to  the  displacement  of  the  index, 
attd  therefore  to  the  torsion.  The  part  of  the  receiver  whieh  registers  the 
torsion  xsonsists  also  of  a  clock  which  gives  a  uniform  motion  of  rotation  of 


618  ABSTRACTS. 

one  tarn  per  minute  to  a  cylinder  having  on  its  surface  a  spiral  line  which  is 
kept  covered  with  ink.  The  spindle  of  this  cylinder  moves  it  by  friction  only, 
so  that  the  cylinder  can  be  stopped  while  the  spindle  still  continues  to  revolve. 
The  effect  of  the  first  current  sent  by  the  transmitter  is  to  release  the  cylinder, 
and  therefore  to  allow  it  to  start  rotating;  the  second  current  circulates 
through  the  coils  of  an  electro-magnet,  which,  when  thus  excited,  brings  in 
contact  with  the  spiral  on  the  cylinder  a  paper  band,  which  is  drawn  along  at 
a  speed  proportional  to  that  of  the  machine,  and  which  is  thus  marked  by  the 
inked  spiral.  A  similar  mark  is  made  on  the  paper  by  the  first  current.  The 
distance  between  the  two  marks  is  proportional  to  the  time  which  elapses 
between  the  two  currents,  and  hence  to  the  torsion  of  the  shaft — %a,,  to  the 
power  traosmitted  by  it.  The  first  mark  is  made  at  the  moment  of  release  of 
the  cylinder,  and,  as  the  paper  moves  slowly,  and  these  currents  succeed  each 
other  rapidly,  the  marks  run  into  each  other,  so  as  to  form  a  straight  line 
parallel  to  the  edge  of  the  paper  band.  The  second  series  of  marks  form  the 
curve  mentioned  above,  from  which  the  power  transmitted  can  be  calculated. 


MABTZir  BE  BBETTBS— AUTOMATIC  FEINTING  OF  MESSAGES 

TRANSMITTED  BY  LIGHT. 

(Compttfs  Rendus,  7.  96,  No,  26, 1883,  p,  1856.) 

The  rays  from  an  electric  arc,  rendered  parallel  by  a  Mangin  projector; 
would  be  sent  from  the  one  station,  and  would  be  received  at  the  other  on  a 
converging  lens,  in  the  focus  of  which  is  a  selenium  cell.  This  cell  is  in  circuit 
with  a  local  battery  and  the  receiving  instrument,  which  would  be  so  adjusted, 
as  regards  tension  of  spring,  resistance,  etc.,  that  the  changes  of  resistance  pro- 
duced in  the  selenium  cell  by  the  action  of  the  light,  would  alter  the  amount 
of  current  passing,  and  so  act  on  the  electro-magnet  of  the  receiver.  If  an 
ordinary  ink-writer  is  used,  the  Morse  alphabet  can  be  recorded ;  or  by  using 
one  of  Brtfguet's  instruments  in  which  the  needle  is  replaced  by  a  type- wheel, 
the  messages  can  be  printed  directly.  The  distance  over  which  such  a  tel&> 
graph  could  work  could  only  be  determined  by  experience,  as  we  do  not  know 
the  law  governing  the  decrease  of  light  in  this  case.  However,  Fizean,  in  his 
celebrated  experiments,  using  only  an  ordinary  oil  lamp,  was  able  distinctly  to 
see  the  light  at  a  distance  of  about  ten  miles  and  a  half. 


I— DETERMINATION  OF  THE  INTERNAL  RESIST- 
ANCE  OF  ANY  ELECTRIC  SYSTEM  WHATEVER,  IRRESPECTTVB 
OF  THE  DISTURBING  B-MJ*.  IN  IT. 

(CompUs  Rfidui,  T.  97,  Ko.  5, 1883,  p.  811.) 

The  author  lays  down  this  theorem : — ^If  any  electric  system  whatsoever,  in 
a  permanent  condition  of  potentials,  is  joined  by  any  two  points  in  it  to  any 
second  electric  system,  it  is  possible,  without  changing  any  of  the  actions  of  the 
first  system  on  the  second,  between  the  two  points  to  reduce  the  first  By>tem  to 
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the  simple  expression  of  a  resistance  equal  to  the  inert  resistance  of  the  system 

between  these  two  points,  and  to  an  E.M.F.  equal  to  the  difference  of  the 

original  potentials  of  the  two  points  of  the  first  system. 

The  actual  measurement  is  made  in  the  following  way  :— 

Let  B  be  the  inert  resistance  of  the  system  between  the  points  A  and  B  at 

potentials  Y^  and  Yb  measured  on  open  circuity  and  let  Y^  -  Yb  *0.  Olose  the 

circuit  through  an  external  resistance,  r,  in  which  there  is  an  £.M.F^  £,  opposed 

to  «.    Oall  Bi  the  apparent  resistance,  measured  directly  either  by  the  bridge 

or  by  two  galvanometers,  whilst  the  internal  force, «,  is  acting.    If  E  and  i  are 

E 
the  EJi.F.  and  current  during  the  measurement  we  shall  have  B^  —  -r,but 

£  .  e  +  B|,  then  B^  <-  B  +  - ;  now  %  '-  ^  .  ^9  therefore 

We  see  at  once  that  Bb  can  only  equal  B  if  e  »  0,  or  if  £  1-  oc ;  for  any  finite 
value  of  «,  Bb  will  vary  ftrom  oc  to  B,  as  E  varies  from  e  to  oc . 

Put  now  n  ^  =  f  and  the  above  formula  becomes 

is 

Bb  «  B  +  -, 

n  —  1' 

whence  ,        r  -r  B 

n  —  1  + 


Bb  -  K 

A  second  determination  with  r*  instead  of  r  will  give 

n'-  1        '^  +  ^ 
Bbi  —  B 

If  we  divide  one  equation  by  the  other,  remarking  that  — ,  .  ^  ,  we  have 

r  -».  B 
1  + 


£  ^  Bb  -  B 

Bw/  —  B 


from  which  we  find 


Be-E  (Br   +  rQ  -  Bb>  'E^(Bb  -fr) 
^  "  E  (Rb'  +  f)— E'  (Bb  +  r) 


Lw  &0B8ZS&— INDIBEOT  MEASUREMENTS  OF  YEBY  SMALL 

BESISTAKCEa 
(^USUctricien,  Vol.  VL,  No.  66, 1883,  p.  67.) 
Suppose  it  is  required  to  measure  the  resistance,  B,  of  a  large  conductor 
between  the  points,  A  and  B,  this  conductor  being  traversed  by  a  current  of 
strength,  L 

A  galvanometer  graduated  very  exactly  in  fractions  of  an  ampere  is 
joined  up  as  a  shunt  between  A  and  B,  the  resistance  r  being  known. 
From  KirchhofTs  law  we  have,  then,  B I  —  r  <  —  O,  whence 

B  -r.4 
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which  reduces  the  measurement  to  that  of  two  currents.     If  •  we  TRsh  to 


measure  the  resistance  of  a  machiAe  at  woxlc,  tince  -weiiaTe  «B}SJC;Ft  in  4b» 
circuit,  we  must  putBI +  !*$»£,  whence. 

B J— . 

Estomple  1.— Large  conductor  of  25  sq.  cm.  section. 

1-987  amperes,  %  -  000145  ampere, 
r  -  100  ohms ;  B  «  0*000155. 
Bascmfile  S.-— Large  electro-plating  machine,  capable  of  working  up  to 
5,000  amperes. 

E  «  2  . 1  volts,  I  ->  1,150  amperes,  i  ^  0*011  ampdres. 
r  »-  100  ohms ;  whence  B  »  000087. 
The  ahoye  measurements  are  some  actually  made  by  the  author,  who,  it 
may  be  added,  claims  nothing  new  in  his  method. 


E.  BOZSTSlk— WHEATSTOKE  BBIDGE  FOB  MEASUBEMENT  OF 

YEBY  SMALL  BEBI8TAKCE8. 

(L*EUeMoUn,  Vol,  VL,  No.  54, 1st  July,  1888,  j>.  20.) 

The  accompanying  diagram  will  almost  suffice  to  make  clear  the  plan 
adopted. 

The  rod  or  wire,  the  resistance  of  which  is  to  be  measured,  rests  in  twa 
Ibrks  formed  by  four  blocks  of  brass,  Fi,  etc.,  of  the  form  shown  in  section 
below  the  diagram.  Two  of  these  brass  blocks  are  joined  up  to  the  reisistanceft 
Bt  and  B4 ;  the  third,  Fi,  is  connected  with  the  battery,  and  the  fourth,  F^ 
with  the  stretched  wire,  A  B,  of  German  silver.  This  wire  is  fixed  by  the  side 
of  a  graduated  scale,  and  is  provided  with  two  sliding  contacts^  a  and  b,  which 
are  respectively  in  connection  with  the  resistances  Bs  and  Bi. 

It  is  evident  that  equilibrium  will  be  established,  shown  by-«o«4«Ae#tion 
on  the  galvanometer,  when 

Bi       Bs     Bab 
Bs      B4     Bed 
B  ed  is  the  resistance  of  the  bar  between  the  points ^  and  d  where  it  rests. oa 
the  blocks  F.    Hence 

Xi]  B4 

B  c  d  «  B  a  6  Tj- «  B  a  b -g- • 

For  the  measurement  of  resistances  between  0*01  ohm  and  0-0001  ohm^ 
each  of  the  resistances  Bi,  etc.,  is  made  equal  to  10  ohms ;  for  still  smaller 
resistances  up  to  0*000001  ohm,  Bi  and  Bs  are  made  1,000  ohms,  and  B]  and 
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B4  retmaiii  10  oluns.    It  wlU  be  seen  that  the  r^ifitance  xneaBured  is' inde- 
pendents the  good  or  ted  contact  of  the  bar  with  the  brass  blocks. 


-E        I'm 

MKTIQN, 

As  an  example,  suppose  we  have  a  copper  rod  of  487  square  millimetres 
section,  and  that  cd  is  80  centimetres,  then  making  Bi  and  Bt  each  1,000 ohms* 
and  Bs  and  B4  each  10  ohms,  if  the  resistance  of  the  German  silver  wire  is 
0-0000206  ohm  per  millimetre,  and  the  sliders  a  and  h  stand  at  65  and  10  milli* 
metres^  "Red  -  66  X  0*0000206  X  1^  -  0-0000115  ohm. 


BU  MOBTCSL^SFEED   BEGULAtOBS  FOB  ELEOTBIOAL 
INSTBUMENTS  OP  PBEOISION. 

(La  lAmiixe  EUdriqyis,  Vol  VUL,  jpp.  460  and  497 ;   Vol.  IX.,  pp.  83,  65,  and  97 ; 

Noi.  15, 16, 19, 20,  and  21 ;  1888.) 

The  autbor  has  deyoted  five  articles  to  the  description  of  the  most  note* 
worthy  forms  of  governors  lor  electrical  apparatus  generally,  which  he  has 
divided  into  two  cIas8es-«-the  electrical  and  the  purely  mechanical  governors. 

Among  the  former,  one  of  rthe  most  important,  and  the  one  which  lends 
itseU  to  the  greatest  number  of  appUcaiions ,  is  the  jdMnio  wheel  of  M.  Paul 
XACour.    In  its  simplest  form  the  phonic  wheel  consists  of  a  soft-iron  solid 
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circular  disc,  provided  with  teeth  on  its  periphery ;  the  teeth  revolve  jutt  in 
front  of  the  core  of  a  straight  electro-magnet ;  the  whole  may  therefore  be 
looked  upon  as  an  elementary  electro-motor.  If  the  wheel  be  once  started, 
and  a  succession  of  current!  be  sent  through  the  electro-magnet  at  regular 
intervals^  the  motion  will  be  kept  up,  and  the  speed  will  remain  constant  when 
the  wheel,  during  the  period  of  each  current,  revolves  through  a  distance 
equal  to  that  between  two  consecutive  teeth.  In  order  to  send  the  successive 
currents  a  tuning  fork  is  used,  the  prongs  of  which  vibrate  between  the  poles 
of  an  electro-magnet,  and  alternately  make  and  break  the  circuit  of  the 
battery  working  the  phonic  wheel,  the  vibrations  being  kept  up  by  the  action 
of  the  electro-magnet.  The  angular  velocity  depends  not  only  on  the  rate  of 
vibration  of  the  tuning  fork,  but  also  on  the  number  of  teeth  of  the  wheel ; 
it  is,  however,  more  difficult  to  work  with  wheels  with  few  teeth.  With  a 
tuning  fork  giving  245  vibrations  per  second,  and  a  wheel  with  18  teeth  21  mm. 
apart,  M.  Lacour  obtained  a  speed  of  245  X  21  mm.  ->  5*145  metres  per  second, 
or,  say,  20  kilometres  per  hour.  In  order  to  do  away  with  any  slight  variations 
in  speed,  a  small  circular  wooden  box  may  be  fixed  on  the  top  of  the  phonic 
wheel,  and  filled  with  mercury,  which  will  not  only  add  to  the  moment  of 
inertia,  but  will  itself  tend  to  move  on  if  the  wheel  goes  slower,  and  will  tend 
to  lag  behind  if  the  wheel  goes  quicker. 

The  applications  which  may  be  made  of  the  phonic  wheel  are  veiy 
numerous.  It  may  be  employed  as  a  chronograph,  or  as  a  clock ;  in  the  latter 
case  the  vibrator  may  be  in  a  place  sheltered  from  all  disturbing  influences, 
and  the  wheel  may  be  placed  where  required;  or  several  wheels  may  be 
connected  up  on  one  circuit,  so  that  several  clocks  in  diiferent  places  may  all 
be  made  to  go  together  exactly.  Again,  it  may  replace  the  siren  in  the 
determination  of  the  pitch  of  a  sound ;  or  it  may  be  used  as  a  speed  counter. 
One  of  its  most  important  applications  is  to  the  multiple  telegraphs  of  Meyer 
and  Baudot^  or  to  the  Hughes  printing  instrument,  in  which  absolute 
synchronism  is  essential.  The  following  method  of  determining  the  speed  of 
rotation  of  a  machine  shows  another  application.  The  phonic  wheel  has  cut 
out  of  it  a  number  of  small  holes  arranged  in  concentric  circles ;  say  ten 
circles  with  five  holes  in  the  innermost  one,  ten  in  the  next,  and  fifty  holes  in 
the  tenth  circle.  When  the  wheel  revolves  above  a  white  surface  it  will  appear 
as  though  covered  with  alternate  black  and  grey  rings.  Attached  to  the 
machine,  the  speed  of  which  is  to  be  measurifd,  is  a  cylinder  with  black  and 
white  stripes  parallel  to  its  axis,  so  that  it  shows  a  grey  tint  on  revolving ;  this 
cylinder  is  placed  below  the  phonic  wheel.  If  the  machine  has  a  speed  which 
will  make  the  cylinder  advance  through  85  stripes  whilst  the  wheel  makes  one 
revolution,  the  seventh  ring  will  no  longer  be  all  grey,  but  will  show  alternate 
black  and  grey  stripes.  If  the  speed  increases,  these  stripes  will  begin  to  move 
in  the  same  direction  as  the  cylinder,  and  finally  will  appear  in  the  eighth  ring, 
showing  that  the  machine  is  then  running  at  such  a  speed  that  the  cylinder 
advances  through  forty  of  its  stripes  for  each  revolution  of  the  phonic  wheel 
The  second  electric  regulator  is  that  of  Marcel  Deprez.  It  is  extremely 
Imple,  but  spasmodic  in  its  action,  consisting  of  a  pliant  tongue  of  steel  fixed 
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• 

at  <me  end  to,  and  parallel  with,  some  rotating  axle  of  the  machinery ;  the  other 
end  is  weighted  and  provided  with  a  set  screw,  which  makes  contact  with  the 
axle  when  the  speed  is  not  snflBcient  for  the  centrifugal  force  to  overcome  the 
elasticity  of  the  tongue ;  as  soon  as  the  speed  becomes  too  high,  however,  the 
tongue  moves  away  from  the  axle,  and  contact  is  interrupted. 

In  the  system  of  M.  £.  Mouline,  a  centrifugal  governor  actuates  a  com- 
mutator, which  closes  the  circuit  of  one  or  other  of  two  magnets ;  these,  by 
means  of  levers,  act  on  the  stop- valve  of  the  steam-engine  to  which  this 
kind  of  governor  is  more  specially  applicable. 

M.  Oourtin  has  gone  beyond  the  simple  centrifugal  governor,  and  has 
invented  a  so-called  **  parabolic  governor."  A  sort  of  trough  is  bent  into  a 
parabolic  form  in  a  vertical  plane,  and  rotates  with  the  centrifugal  governor. 
At  the  bottom  of  this  trough,  and  on  only  one  leg  of  the  parabola,  are  fixed  two 
metal  strips  insulated  from  each  other ;  the  one  is  continuous,  but  the  other  is 
interrupted  by  several  pieces  of  ebonite.  The  two  strips  form  two  rails  on 
which  rolls  a  spindle-shaped  piece  of  metal,  formed  by  placing  two  cones  base 
to  base.  The  two  strips  are  in  an  electric  circuit,  and  accordingly,  as  the 
double  cone  rolls  more  or  less  up  the  leg  of  the  parabola,  a  greater  or  less 
number  of  contacts  will  be  made  between  the  continuous  rail  and  the 
interrupted  one.  These  closings  of  the  circuit  can  be  made  use  of  to  work  any 
electro-magnetic  arrangement  for  controlling  the  stop- valve. 

The  author  notices  briefly  the  several  kinds  of  governors  which  have  been 
brought  into  use  by  various  inventors  to  regulate  the  speed  of  telegraph  appa- 
ratus, and  then  passes  on  to  examine  the  purely  mechanical  governors,  and 
describes  in  the  first  place  Watt's  ordinary  centrifugal  regulator,  to  which 
Foucault  subsequently  added  a  counterpoise  to  increase  the  efficiency.  M. 
Yillarceau,  in  his  governor,  has  combined  the  centrifugal  action  of  heavy 
balls  with  the  retarding  action  of  two  or  more  vanes.  The  vanes,  when  at 
rest^  hang  straight  down,  being  pivotted  at  one  end  to  a  crossbar  attached  to 
the  vertical  spindle  of  the  governor.  Two  weights  slide  on  two  rods  fixed,  one 
on  either  side,  into  the  head  of  the  vane  near  the  pivot,  these  rods  being  in  the 
same  plane  as  the  vane ;  as  the  speed  increases,  the  vanes  tend  to  fly  out  more 
and  more,  and  experience  increasing  resistance  from  the  air.  To  each  value  of 
the  motive  force  corresponds  only  one  position  of  stable  equilibrium  of  the 
system  of  vanes  and  weights,  and  it  i%  of  coarse,  easy  to  arrange  that  this 
position  is  reached  just  at  the  speed  required. 

Lastly  the  author  describes  very  folly  the  form  of  regulator  which  has 
been  named  **  Elliptic  **  by  its  inventor,  M.  van  Bysselberghe,  who  requires  a 
very  accurate  form  of  governor  for  his  meteorograph.  This  apparatus  depends 
on  the  principle  that,  in  order  to  obtain  a  rigorous  isochronism  of  a  motor,  it  is 
necessary  that  the  regulating  weight  should  be  kept  on  a  parabola,  and  that 
the  parabola  is  the  limit  towards  which  an  ellipse  tends  when  its  semi-major 

axis  a  is  indefinitely  increased,  whilst  the  parameter  —  ^  p  remains  constant. 

CI  • 

Hence  a  very  close  approximation  to  absolute  isochronism  can  be  obtained  by 
keeping  the  governing  weight  in  a  very  elongated  ellipse.    In  its  simplest 
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form  this  govemor  consists  of  four  arms  jointed  togethsr  sa  as  to  fom  a 
diamond  shape  j  the  upper  point  of  the  diamond  is  fixed  to  the  Testical  axle  of 
the  goyemor,  while  the  lower  end  is  jointed  to  a  sleeve  whic^  can  slide  np 
and  down  the  axle ;  on  each  of  the  lower  urns,  near  their  point  of  junction, 
is  fixed  a  weight,  and  these  weights  will  describe  part  of  an  elliptical  curves 
which  can  be  shown  to  differ  very  slightly  from  a  parabola. 


O.  KSSV— THE  FIB8T  ELECTBIC  MOTOB. 
(La  Lumi^  Eltfctrigiie,  Vol  IX,,  No.  19,  12th  May,  1888,  i>.  40.) 

In  the  Italian  section  of  the  Paris  Exhibition  of  1881,  was  a  very  interest- 
ing document  giving  the  particulars  of  two  forms  of  motor  constructed  by  the 
Abb^  Balvator  dal  Kegro,  Professor  of  Natural  Philosophy  at  the  University 
of  Padua,  in  1880  and  1831  respectively. 

The  former  consisted  of  a  compound  bar-magnet  suspended  vertically,  at 
about  two-thirds  of  its  length  from  the  upper  end,  on  two  pivots  which  rested 
on  a  support,  the  lower  end  having  a  counterpoise  attached.  The  upper  end 
of  the  magnet  oscillated  between  the  two  poles  of  a  fixed  horse-shoe  electro- 
magnet, the  wires  of  which  were  led  to  a  rocking  commutator  which  reversed 
the  direction  of  the  current  at  each  half -oscillation  of  the  pendulum-magnet. 
The  result  of  this  arrangement  was  that  when  the  magnet  had  been  attracted 
to  one  of  the  poles  of  the  electro-magnet  the  movement  reversed  the  connec* 
tions,  and  repulsion  took  place. 

In  the  later  form,  the  compound  bar-magnet  was  arranged  as  a  horiaontal 
lever  oscillating  in  a  vertical  plane  about  a  fixed  fulcrum.  One  end  was  pro- 
vided with  an  armature,  below  which  were  placed  the  poles  of  a  vertical  electro- 
magnet. The  reversal  of  the  current  in  the  coils  on  the  latter  was  effected  in 
the  same  way  as  in  the  first  motor.  To  the  other  end  of  the  permanent  magnet 
were  fixed  two  vertical  connecting  rods  provided  with  pawls  at  their  lower  ends, 
which  engaged  with  a  ratchet-wheel,  thus  imparting  continuous  circular 
motion  to  a  sort  of  fiy- wheel,  which  consisted  of  the  spokes  only,  loaded  at 
their  extremities  with  heavy  knobs. 

The  original  description  of  these  motors  was  given  in  the  BulleHn  d» 
VAcademie  de$  Sciences,  Lettres,  et  Arts,  of  Padua,  Vol.  IV.,  and  later,  in  April, 
18S4,  in  the  «  Annalee  du  Boyaume  Lonibard-Vefietien:* 


Dr.  S.  LSCHSa— PHOTOMETBY. 

•     {Internationale  ZeiUchrift /Or  die  AusstelUing  in  Wien,  1883,  No.  1,  p.  14.) 

The  author  is  of  opinion  that  it  is  not  sufficient  merely  to  compare  the 
luminosity  of  the  light  with  some  standard,  but  that  it  should  be  disseeted  np^ 
so  as  to  show  how  much  of  the  energy  appears  as  visible  rays  and  how  much 
is  wasted,  so  far  as  illumination  is  concerned,  as  invisible  heat  rays.  He 
suggests  that  some  such  method  of  research  might  be  with  advantage  employed 
as  Professor  Langley  has  carried  out  with  his  bolometer  in  investigating  the 
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solar  radiation.  The  results  obtained  conld  1}e  plotted  down  as  a  curve,  and 
this  would  at  once  indicate  how  much  of  the  radiant  energy  was  really  useful 
as  light.  For  instance,  Langley  has  found  84  per  cent,  of  the  sun's  total 
radiation  is  visible  as  rays  of  light,  while  in  an  argand  gas  burner  the  propor- 
tion is  only  2*4  per  cent.  A  careful  study  of  various  substances  would  lead  us 
to  know  which  bodies  give  out  the  greatest  proportion  of  light  energy— a  point 
of  some  importance. 

Ihr.  H,  nELUSS— PHOTOMETBY. 

(^Intemationdle  ZeiUehrift  fUr  di4  Elektriseh^  Austtellung  in  Wien,  1888,    . 

No.  4,  p.  60.) 
The  author  does  not  think  that  it  will  be  practically  possible  to  follow  the 
plan  proposed  by  Dr.  Lecher  (see  abstract  above),  though  something  may  be 
done  in  this  direction,  and  has  indeed  already  been  done  by  comparing  two 
parts  of  the  two  spectra  of  the  electric  light  and  of  the  standard,  as,  for 
instance,  the  red  and  the  green  rays.  He  remains  of  opinion  that  it  will 
always  be  necessary  to  make  a  comparison  between  the  total  light  given  out 
by  the  two  sources.  He  quotes  some  results  obtained  by  Dr.  F.  Fischer  of  the 
quantity  of  heat  given  off  by  various  sources  of  light^  which  are  interesting  :— 

Electric  arc  light 57  —  168  calories. 

„       glow  light         290  —  586        „ 

Begenerative  gas  flame 1,500       „ 

Argand  gas  flame 4,800       „ 

Petroleimi  ring  burner 8,860       „ 

„         flat  burner     7,200       „ 

Oandles,  various    7,960  —  9,700       „ 

These  figures  are  all  calculated  for  a  uniform  light  of  one  hundred  candle^ 
power,  and  for  one  hour's  burning. 

It  has  continually  been  stated  that  the  electric  light  is  more  trying  to  the 
eye  than  sun  light ;  yet,  in  point  of  fact,  the  former  contains  more  red  and  less 
violet  rays  than  the  latter. 

One  of  the  great  difficulties  in  photometric  measurements  of  the  electric 
light  is  that  we  generally  try  to  compare  two  lights  of  different  colours.  The 
l>rightne8s  of  any  light— ».0.,  the  intensity  of  the  sensation  produced  in  the 
eye — is  a  function  of  the  kinetic  energy  of  the  vibrations  of  the  aether;  the 
nature  of  this  function  is  not  known,  but  Helmholz  has  shown  {Physiol,  Optik, 
jp.  21)  that  it  is  different  for  light  of  different  wave-lengths.  It  may  be  shown 
experimentally  that  two  differently-coloured  sources  of  light,  which  we  judge  to 
be  equally  bright,  no  longer  appear  so  if  we  increase  or  decrease  the  intensity  of 
both  in  the  same  ratio,  as  has  been  done  by  Purkinje.  Two  differently-coloured 
sources  of  light  are  therefore  incommensurable  by  our  eyes,  so  far  as  their 
brightness  is  concerned.  A  comparison  of  the  several  parts  of  the  spectra  will 
not  reach  the  desired  end,  since  the  sums  of  the  intensities  of  the  several  parts 
will  not  give  us  the  ratio  of  the  whole  light  from  the  two  sources.  The  curves 
obtained  by  Langley  do  not  give  the  quantity  of  light  radiated,  but  the  quan- 
tity of  heat,  which  is  not  the  same  thing. 
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D&.  S.  LECHB&-PHOTOMETBY. 

(IntematumcUe  MUchrifl  fSr  dM  Elelctrotechniiche  AuuteUufig  in  Wien,  1883, 

No.  5,  p.  7a) 

The  author,  in  his  reply  to  Dr.  Krfits  (lee  abstract  above),  argues  that  in 
comparing  two  sources  of  light— e.y.,  two  sodium  flames — by  means  of  a  Bunaen 
photometer,  we  move  the  two  lights  to  such  distances  from  the  screen  that  (he 
eflbct  of  one  on  the  retina  of  the  eye  is  equal  to  that  of  the  other,  and  since  the 
two  effects  are  equal,  therefore  the  causes  are  equal,  these  causes  being  the 
vibrations  of  the  particles  of  the  sdther.  We  therefore  may  be  said  rather  to 
compare  two  lights  physiologically  than  photometrically,  since  we  compare, 
not  the  lights  themselves,  but  our  own  perceptions.  If  we  use  two  differently- 
coloured  sources  of  light,  and  compare  their  spectra  by  means  of  a  bolometer, 
we  can  determine  the  ratio  of  their  intensities ;  if  then  we  place  them  at  cor- 
responding distances  on  each  side  of  a  Bimsen  photometer,  they  will  no  longer 
agree.  All  that  we  can  hope  for  is  an  approximation,  and  with  the  present 
methods  we  cannot  arrive  at  a  really  accurate  determination. 


OTHEB  ABTICLES  APPEABINa   IN    THE  PBINCIPAIj  FOBEIGN 

TECHNICAL  JOUBNALS. 

(EUktrUeehnUehe  ZeiUehnft,  B.  IT.,  IT.  6,  June,  1888.) 
Sr.  S.  OSSLAVB^Otto  Von  Guericke's  Electrical  Besearches.   Br.  BOBV8 
—Some  Comparisons  between  Electrical  and  Hydraulic  Phenomena.    Dr. 
S.  ZBT8CKE — Arrangement  of  Telephone  Exchanges  with  only  One 
Line  Wire. 

(B.  IV,,  H.  7,  Jvlv,  1888.) 

Br.  Z.  QERTaANB—Otto  Yon  Guericke*s  Electrical  Besearches.  Antm,-^ 
Military  Telegraphs  in  Holland.  Br.  S.  SST8CHB— Van  Bysselbei^be's 
Telephonic  System .  F,  OATTZVOB&— Connections  for  Opposed  Currents 
on  Telegraph  Wires.  OSSTEBSEZCK— Berlin  Telephone  System.  Br. 
BOBH8— Electric  Lighting  Act,  1882.  W.  HALLWACH8— Note  on 
Efficiency  of  Accumulators.  Br.  A.  WALTEVHOFEV— New  Apparatus 
for  Showing  the  Foucault  Currents. 

(B.  JV,,  H.  8,  August,  1883.) 
OE8TSBBBZCK— Berlin    Telephone   System,    iinon.— Telegraphs   in   the 
Egyptian  Campaign.     WZLKSLM  SZZMBBB^Siemens  and  Halske's 
Glow  Lamp.    Br.  S.  BOLZVAA— Lighting  of  Trains  by  Glow  Lamps. 

[ — Experiments  on  Induction  in  the  Gramme  Bing. 

(B.  IV,,  H,  9,  September,  1888.) 
[ — Experiments  on  Gramme  Bing.    Br.  O.  KOlFfMAJni— 

Hughes'  Theory  of  Magnetism.    O.  BIEBISKM  A IffH— Electric  Light  at 
the  Berlin  Hygienic  Exhibition,  1883.    W.  VOH 
of   Atmospheric  Pressure  and   Temperature  during  Storms. 

lison  System  at  the  Munich  Theatre. 
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(^C&ntraXhlattfur  Eleetroteohnik,  B.  IV,) 

No.  l2,^Anon. — Electric  Light  for  War  Service. 

No.  13.— iifum.— Siemens*  Energy  Meter.  Br.  WIETLI8BACH— Theory  of 
the  Micro-Telephone.    A.  PSA8CH — Gong  Signals  on  Bailways. 

No.  14. — ^Atum.— Technical  Phraseology.  Anon^ — ^Electric  Light  at  the  Varitft^s 
.  Th^tre.  Anon. — Beport  of  the  Munich  Exhibition  (committee.  A. 
P&A8CK — Gong  Signals  on  Bailways.    A7km.<^Abdank's  Arc  Lamp. 

No.  16. — Awm, — Gaulard  and  Gibbs'  System.  Anon. — Bayley*s  Switch.  F. 
KBOTTLZVOSA— Dynamo  Machines.  A.  PRA8CH — Gong  Signals 
for  Bailways.    Anon, — ^Theory  of  Joabert's  Electro-magnetic  Machine. 

No.  16. — QATTZVOSS — ^Measurement  of  Earths.  Anon, — Ball's  Unipolar 
Machine. 

No.  17. — BSSTBAVD,  TRESCA,  etc.— Beport  on  Deprez's  Experiments. 

No.  18. — 8.  8CKXT0KSRT — ^Projection  Apparatus.  Anon,  —Brush  Accumu- 
lator. 

No.  19.— Anon. — Bules  of  the  Magdeburg  Fire  Office  for  Electric  Lighting. 
Anon. — ^Electric  Lighting  of  the  Schiller  Bridge. 

No.  20. — iifum.^Work  of  Dynamo  Machines.  H.  8SDLAC8SK — ^Bailway 
Gong  Signals. 

No.  21. — O.  S.  METSS— Colour  of  the  Electric  Light,  ijnon.— Burstyn's 
Galvanometer  for  Alternating  Currents. 

No.  22.^Anon, — Deprez's  Dynamo  Machines.  A.  VZPPO^DT — Simple  Tests 
for  Underground  Faults. 

No.  28.— O.  LSU0K8 — Begenerative  Galvanic  Cells.  M.  QXJST— Depend- 
ence of  Induction  on  Electro4ynamic  Action. 


(^AnTtalen  der  Phytik  tmd  Chemie,  Vol,  ALL,) 

Heft  1.— C.  BAUSB— New  Badiometer.  H.  MSTS&— Besistance  of  Philo- 
melan.  H.  HSBTZ— Phenomena  of  Electrical  Discharge.  O.  FBOKXE 
—Electrical  Besearches.  F.  KOHUULn8CH— Measurement  of  Local 
Variations  in  the  Earth's  Horizontal  Force.  F.  KOCK — ^Magneto-electric 
Botation  Phenomena.  W.  VOIOT— Proof  of  the  Theoiy  of  Nobili's  Bings. 
A.  OBSSBECK— Electrical  Oscillations. 

Heft  8.— O.  FBOWB^Electrical  Besearches.  W.  O.  SONTOBV^Note 
on  the  Behaviour  of  Quartz  in  a  Magnetic  Field.  V.  DOOCAS— Expert- 
ments  in  Frictional  Electricity.  F.  BBAUH— Unipolar  Conductivity  of 
BoUds. 

Heft  S.'J.  BL8TB&  and  H.  OBZTBL-Dry  PUes.  S.  AM^  LZK— Holz 
Machine.     L.   OB0881EAH— Conductivity  and  Inten/     Friction  of 

Liquids.  / 

Heft4.—O.QnZVCXB— Electrical  Besearches.  A.  OBBF        S— Electrical 

Oscillations. 
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Heft  5.^0.  QUZVOKS— Electrical  Besearches.  K.  RBBT8— Glow  Dii- 
charge.  K.  KBLUfAVH^Bifference  between  Positive  and  Negative 
Discharge.  A.  WXTXOWBKZ^Theory  of  Galvanic  Cells.  A.  YOU 
WALTSVKOTBir — ^New  Apparatus  for  showing  Foacault  Currents. 

Vol.  XX.,  Heft  1. — A.  WTKKEXMJLSnX — Alteration  of  Phase  in  Alternating 
Currents. 


{Beihimer,  Vol.  VIL) 

No.  8.-^.  MUVSO-^Spectrumof  Swan  Lamp  and  of  Aurora.  A.  BASTOLZ 
and  O.  PAPA80OLZ— Electrolysis  of  Binary  Compounds  by  Carbon 
Electrodes.  W*  F.  BAJUEtETT — Change  in  Linear  Dimensions  of  Metals 
on  Magnetisation. 

No.  4.— S.  BOBCKABDT— Holz's  InducUon  Machine.  WZX8KUB8T— 
Electric  Induction  Apparatus.  F.  J.  8MZTS — Modification  of  the  Gold- 
leaf  Electroscope.  A.  CSOVAr— New  Form  of  Commutator.  PAHK- 
BUS8T— Improved  Galvanic  Battery.  BA&TOLZ  and  PAPA80OU 
—Electrolysis  of  Water.  H.  lCtrL£B&— Accumulators.  8AMnSS&— 
Improvement  in  Weber's  Magnetometer.  LE  OOABAJTT  DS  TBOl 
LZV — ^Electro-magnetio  Induction. 

2^0.  5. — S.  LSVZ — Conductivity  of  Alcoholic  Solutions.  X. 

Comparison  of  Coefficients   of  Induction.     O.   SCHMIDT— *  Analogies 
between  Electrical  and  Hydraulic  Phenomena. 

No.  6.— H.  8CKBSBSU-^A  New  Condenser.  A.  BZOKX— Electrical  Bing 
Figures.  XSRCABZSS  and  VASCKT— Dimensions  of  Electrostatic 
and  Electro-dynamic  Units.  J.  W.  GIBBS — ^Electr6-magnetic  Theoiy  of 
Light. 

No.  7. — SCKBBBBU— Determination  of  the  Absolute  Capacity  of  a  Condenser 
in  Electro-magnetic  Units.  F.  BXVBS — Some  Experiments  on  the 
Contact  Theory.  '  B.  &.  FB&Bim-^odifieation  of  the  Quotient 
Galvanometer.  K.  HB&TZ— -Dynamometric  Arrangement  of  very  Small 
Besistance  and  Negligible  Self-induotion.  J.  XOUTIBS — ^Theory  of 
Electro-dynamic  Induction.  A.  SBYBLBB — Maxwell's  Mathematical 
Treatment  of  Faraday's  Theory  of  Induction. 

No.  8.-—B.  B.  BLAVZBB — Electrostatic  Capacity  and  Besistance  of  the  Space 
between  two  Concentric  Cylinders.  UBOFF  and  TICUOMISOFF— 
Action  of  a  Current  on  Chlorides  and  Chlorates. 


(ComptM  fiendtts,  Vol,  91.) 

No.  16.— A.  OOBBlT^Beport  on  Deprea's  Experiments.   J". 

Experiments  with  Dynamos. 
No.   16.— P.    LB    OOBDZB&— Mechanical   Actions   caused   by    Magnets. 

P.  KBLOT  BT  TBOUVB^Medicia   Incandescent  Lamp.    CABAB- 
)riginal  Experiments  by  the  Navy  with  Gramme  Machinei. 
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No.  J7— ^f^^'''^TiTiAfg    ^^^'^  on  Ornn's Beport  (see No.  16). 

No.  18. — ▲.  TKZKE— Transmission  of  Power.    DSZJLUSZSB — New  Theory 

of  Galvanic-Cellsandof  Tbermopiles. 
No.  19.^CABAVSLLA8^Note  on  €k)ma*s  Beport  («ee  No«  15). 
No.  21. — ^AZAPZS — ^A  New  Voltaic  Battery. 
Ko,  88w— *]L  DSPBE8 — Transmission  of  Energy.    BBHSA-*  Connection 

between  Eclipses  and  Terrestrial  Magnetism.    MOXCWO— Inflnence  of 

Besistance  on  the  Transmission  of  Energy. 
No.  24— F.  DOVO — Therapeutic  Electricity. 
No.  26.— ^nST— Induction  and  Electro^ynamic  Action. 
Vol  97,  No.  1. — QI7ST— Ampere's  Method  applied  to  the  Fundamental  Law 

of    Electric  Induction.     P.  LS  OOSDZES— Arbitrary  Functions  of 

£lectro4ynamio  Action. 
No.  2.— C.  TBUCKOT-'The  Limits  c^  Electrolysis. 
No.  3.— L.  THSVSNZH— New  Theorem  of  Dynamic  Electricity. 
No.  i.-— DUCW^TST — Universal  Dead-beat  Galyanometer. 
No.  6. — QI7ST — ^Ampdre's  Method  applied  to  the  Law  of  Electric  Induction. 

L.TKSVSinV— Measurement  of  EM.F.  by  a  Galvanometer. 
No.  7v--F.  ZiS  OOBDZSS— Magnetic  Fluids  and  Molecular  Currents. 

(La  LumOre  EUctrique,  Vol,  8.) 

No.  17.— DU  MOVCBL— Action  of  Microphones.    F.  OBSALDT—- Lighting 
.    by  Incandescenceu    M.  COBMffATff — Application  of  Electricity  to  Bail- 
ways.  !.A>  OUlBBOVT-^^Baira  Unipolar  Machine.     C.  SOUXkAOSS— 

Electric  Light  at  the  Ma^^asins  du  Printempe^    B.  1CSB<SA|IXBS— 

Elementary  Theory  of  Electricity. 
Vol.  9,  No.  18.— DU  MOHOEL— Conditions  of  Charge  and  Discharge  in  Electric 

Currents.    B.  MBBGADZS&— Elementary  Theory  of  Electricity.    A. 

GXTsBOUT — ^Marianini's    Be^electrometer.     la.    BEORAT— Hlectric 

Brakes.    IL  C0B81CAV — Applications  of  Electricity  to  Bailways. 
Npvl9.--B..KBBCABZBB*- Elementary    Theory     of    Electricity.     KL 

C0B8MAV — Applications  of  Electricity  to  Bailways.    A.  OUBBOVT^ 

Comparison  of  Besistances  by  Means  of  a  Telephone. 
No.  20.-^  OU^BOUT— Electrical  Bectification  of  Alcohol.   M.  C0B8MAV 

—Applications  of  Electricity  to  Bailways. 
No.  21.— Ol^BALBT— Danger  of  Shocks  from  Electricity.   M.  C088MAB— 

Applications  of  Electricity  to  Bailways.     DB  M A (IH  K V I  TiLTI    Ttli^ 

phone  Exchanges  at  Paris.    OUBBOUT — ^Application  of  Curves  to  the 

Solution  of  some  Electrical  Problems. 
No.  22.— DU   MOHCBL— Microphones.     OBBALBT— Internal  Action  of 

Batteries.      C088MAV— Applications     of    Electricity    to    Bailways. 

80U1LAOB8— Electric  Light  at  Abbeville.     DBFBBZ — Transmission 

of  Mechanical  Energy. 
No.  28. — DIU  MOUCSL — Electric  Anemometrographs.    OBBALBT— Effects 

of  Pressure  and  Tension  on  Physical  Forces.     DB 
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Telephone  Exchanges  at  Paris.    OI7S&0UT— Electrolysis  of  Chloride  of 

Sodium. 
No.  24^DXT  MOVCSL — ^Froment*s  Electro-Motors.    SOULAOBS— Electric 

Light  at  the  Opera  House.    KSSV — Electric  Light  and  Hygiene.    US 

GOABAVT  DS  TSOMBLZH— Atmospheric  Electricity. 
Ko.  23. — J}\J  MOHCSL — ^Microphones.    ^EBLAVO  ^Mechanical  Theory  of 

Dynamos.     GX7SHOUT — Lahoratory     for     Electrical     Measurements. 

HEGRAT—- Electric  Brakes. 
No.  26.»DU  MOVOSL — ^Yarioos  Modifications  of  the  Wheatstone  Bridge. 
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